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rr FOR HUMAN 


CONDITIONING ! 


AND LLOYD G. HUMPHREYS 


University of Illinois 


The attempts that have been made 
to investigate operant conditioning in 
normal human Ss have dealt primarily 
with verbal behavior. The general 
approach has been to manipulate the 
frequency of usage of word classes 
using as a reinforcement various signs 
“umhm,” 
“good,” However, Buchwald 
(1960) doubts to the 
effectiveness and unambiguity of these 


of social approval such as 

etc. 
has raised as 
signs of social approval as reinforcers 
and other Es (Eriksen, 1960; Krieck- 
haus & Eriksen, 1960; Levin, 1961) 
have found that changes in S’s verbal 
behavior do not convincingly occur in 
the absence of S’s ability to verbalize 
relevant and hypotheses 
concerning relationships between the 
experimental variables and changes in 
his behavior. 


intentions 


Attempts to obtain operant condi- 
tioning of nonverbal responses have 
been reported by Verplanck (1955, 
1956) and Hefferline, Keenan, and 
Harford (1959). However, Ver- 
planck’s results have come under seri- 

1 This research was supported by Mental 


Health Grant M-1206, National Institutes of 
Health, Public Health Service 
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ous question as a result of an attempt 
to replicate his procedures reported by 
Azrin, Holz, Ulrich, and Goldiamond 
(1961) and the results of Hefferline 
et al. are difficult to interpret owing 
to inadequate questioning of Ss for 
relevant verbalizable hypotheses. 
Interpretation of these studies is 
also complicated by the failure of the 
investigators to include appropriate 
control groups. To show clearly that 
operant conditioning occurred, these 
studies would have required a control 
group, treated with the 
experimentals and receiving the same 
number of reinforcements with the 
exception that the reinforcements for 
the 
domly 


identically 


controls would have been ran- 


administered and not con- 
tingent upon any particular response. 

In the reported 
have attempted to remedy the defi- 
ciencies in the previous attempts at 
operant conditioning of nonverbal 
responses in human Ss. By the use of 


a new technique we were able to ad- 


study below we 


minister positive primary reinforce- 
ment to human Ss under conditions 
directly comparable to those obtaining 
in Three 


; 


animal experimentation. 
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different classes of motor responses 
were studied and particular care was 
taken to assess the extent to which 
behavior modification depended upon 
awareness as signified by S’s ability 
to verbalize relevant mediational steps 
that intervened between the experi- 
mental variables and his behavior. 


METHOD 


Subjects.—F ifty-two females ranging in age 
from 18 to 30 yr. were obtained on a volunteer 
basis from elementary classes in psychology, 
education, and speech during the summer 
session at the University of Illinois? As an 
added inducement, 5 dollars in services at a 
local beauty salon was offered volunteers. 

Procedure.—Subjects were run individu- 
ally. After S had changed from street clothes 
to a playsuit or swimsuit she was told that 
this was an experiment on the effects of heat 
and isolation on psychological processes. 
Further, that the study was government sup- 
ported and was being conducted as part of a 
“lady in space project.” The Ss were then 
shown a commercial speed temperature graph 
demonstrating the extremely high ram air 
temperature (1500°) recorded on the surface 
of rockets. The graph also stated that 
“experiments by the University of California 
at Los Angeles have shown that man can 
withstand a temperature of 250°." They 
were then told that since this study was only 
concerned with psychological reactions, an 
increase in relative humidity had been sub- 
stituted for an increase in temperature above 
a certain point in order to remove any physical 
risk. During this preliminary period E also 
determined whether S_ had physical 
restriction which would be a basis for ex- 
clusion from the study and then gave S a brief 
synopsis of what she would do for the rest of 
the period. 


any 


Next, S was instructed in the operation of 
a stationary ergocycle which she rode for 5 


min. She was told the purpose of this exercise 
was to bring her body temperature up so that 
it would not be such a drastic change when 
she entered the chamber. After 
riding the was immediately 
directed into the chamber (maintained at a 
temperature of 105° F. and relative humidity 


“space” 
ergocycle S 


*Female Ss were used since several males 
(run ona pilot basis), to demonstrate the 
cultural stereotype of “‘masculinity,” refused 
air although they greatly desired it This 
confounding was rare in females 
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of 85%). She was told to sit with her face 
directly in front of an insulated pipe which 
protruded into the chamber since cool air, 
high in oxygen content, would be blown 
through the pipe from time to time. 

The chamber door was then closed and 
bolted. Further conversation was by means 
of an intercommunication system with S 
being observed through a one-way mirror in 
one porthole of the chamber. The S was told 
that she should ask any questions she might 
have immediately following the instructions, 
since no communication could take place once 
the “sonar’’ signals had begun. A standard 
set of instructions was then read to S further 
explaining the “‘increasing’’ heat in the 
chamber. The S was told: ‘‘ You will probably 
find the air most beneficial if you breathe it 
directly." Also included were detailed in- 
structions on the performance of a pseudo 
task consisting of differentiating between 
sonar signals and forming patterns with 
colored washers on a peg board: ‘‘Make as 
many different designs as you can. If you 
drop a washer, replace it with one of ap- 
propriate color from the stack on your right 
Completely fill one-half of the board and then 
work back to the other half. Continue this 
process until I tell you the time is up. Are 
there any questions?” 

Approximately 5 min. elapsed from the 
time S first entered the chamber through 
completion of the instructions. Following the 
instructions a time clock and tape recorder 
which presented the signals for the pseudo 
task were started. The E observed S for the 
following 5 min. and determined the specific 
response within the various response classes 
which was to be conditioned. 

The recording apparatus was then started 
and the initial rate of the operant was re- 
corded by throwing a toggle switch each time 
the selected response occurred. After 5 min. 
of recording the oper:nt level, a switch was 
thrown which connected a programmer and 
timer into the circuit marking the beginning 
of the conditioning phase. During this phase 
which lasted for 35 min., 10 sec. of cool air 
(primary reinforcement) and a red light 
(secondary reinforcement) were automatically 
timed and administered on a programed 
schedule activated by the same switch which 
recorded responses. 

A decreasing ratio reinforcement schedule 
was used in which the first 20 responses 
received 1:1 reinforcement, the next 15 re- 
sponses received 2:3 reinforcement, the next 
14 received 1:2 reinforcement, and the re- 
maining responses received 1:3. The latter 
schedule applies to responses in which only 
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one program step could be made in every 
10-sec. period. The record of responses on the 
other hand was kept on each specific response 
regardless of time interval with the exception 
of single responses lasting for a period of more 
than 10 sec. which were then recorded as two 
responses. This procedure was adapted to 
maximize unawareness. 

Following the 35 min. of conditioning, the 
programmer and timer were disengaged and a 
10-min. extinction phase was initiated in 
which responses were recorded as above. 

Upon completion of the conditioning phase, 
S was assisted out of the chamber and 
escorted directly to a shower room, with 
instructions to return to the laboratory for a 
short interview. 

Control Ss were tested for each response 
class, receiving exactly the same treatment as 
experimental Ss with the exception of the 
conditioning phase. During this 35-min 
period a technician operated a separate switch 
which activated the programmer and timer 
that delivered rewards. These rewards were 
administered in with a master 
program which had been prepared from the 
average number of program reinforcements 
over time that had been delivered to the 
experimental Ss in the same response class. 
Thus the control Ss received essentially the 
same number of rewards at the same times as 
the experimental Ss but the rewards were not 
contingent upon any specific response of 
theirs. The record of responses was taken in 
the same manner for both experimental and 
control Ss. 


accordance 


Upon S’s return from the shower room the 
following questions were asked and answers 
recorded verbatim: 


1. Would you tell me, in your own words, 
exactly what we're studying? 


2. Did you like or look forward to the 
cool air and oxygen? Relatively how much? 

3. Were you able to concentrate on the 
task the entire period? 

4. How well do you believe you did? 

5. Do you feel you had control of the 
cool air at any time? How? When? 

6. Would you mind telling me specifically 
what you thought about when you were in 
the chamber. 

7. Did anything you did at any time 
during the period have any influence upon 
when the light or air came on? When? 

8. If I were to tell you that something 
you did determined when the air came on 
what would you guess it might be? 

9. Would you describe any emotions you 
may have experienced during the period. 
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Running notes of S’s behavior in the 
chamber were kept, specifically noting actions 
correlated with the operant or onset of 
reward. A record was also kept of S’s per- 
formance on the pseudo task to provide some 
“feedback” and in combination with the 
buffer items in the postexperimental interview 
to maintain face validity of the “space”’ 
experiment. 

The reliability of Z in recording responses 
was determined for each of the three response 
classes by having 2 other Os, the environ- 
mental laboratory technician and a graduate 
student in psychology, simultaneously ob- 
serve Ss for an entire period and record the 
operant responses with paper and pencil by 
1-min. intervals. 

Three general categories of responses were 
studied: hand movements (Group H), face 
and mouth movements (Group FM), and foot 
movements (Group F). Subjects were ran- 
domly assigned to one of the response class 
groups with the specific response in this 
category that was to be reinforced (e.g., 
Group H, touch chin with right hand; Group 
FM, press lips; Group F, tap ball of right foot 
on deck) determined during the 
observation period that preceded the de- 
termination of the operant level of the 
response. Twelve Ss were run in 
sponse category with an additional 4 control 
Ss for each category. In the course of 
experimentation an additional 4 Ss were 
excluded: 2 because the experimental period 
had to be terminated before completion; 1 be 
cause she did not like the reinforcement; and 
1 who immediately became aware of the 
contingency of the reinforcement and her 
response and stopped responding because sh« 
“thought it would ruin the experiment.”’ No 
Ss were initially aware of the true nature of 
the study. 

Apparatus.—The experiment 
ducted in the Physical Environment Lab- 
oratory at the University of Illinois. The 
laboratory housing all equipment was main- 
tained at a temperature of 70° F. and 35°; 
relative humidity.’ 

The ergocycle which Ss rode prior to 
entrance into the chamber was the [Illinois 
electrodynamic bicycle ergometer with an 
armature load of 2400 ft-lb at 50 rpm. The 
chamber was a 6-man low pressure chamber 
soundproof and cork insulated with cylindrical 


5-min 


each re- 


was con 


3 Lawrence Siler, technician in charge of 
the Environmental Unit, maintained a 
vigilant watch on all equipment used, assuring 
constant environmental conditions through- 
out the experiment 
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TABLE 1 


RELIABILITY COEFFICIENTS BETWEEN E 
AND 2 Os BASED ON SUCCESSIVE 
5-MIN. PERIODS 


Group EO; O02 


{ .999 ; .999 
FM 947 947 


F .972 .965 


external dimensions of 12 <7 ft., built for 
the United States Air Force by the Pitts- 
burgh Des Moines Steel Company. The 
internal compartment was a 6-ft. sphere. 
The environmental controls were of the 
Johnson Service Company. Conditions inside 
the chamber were maintained at a tem- 
perature of 105° F. (+ or —2°) and relative 
humidity of 85% (+ or —5%). The air 
velocity within the chamber determined by 
an aneotherm air meter varied from 10 to 18 
ft. per min. at different points. 

Rewards were administered through a 1-in. 
insulated pipe, 4 ft. long. Twin blowers drew 
in air from the laboratory (70° F. 
humidity) and blew it through 
emerging at S’s face at 78° F. with a velocity 
of 710 ft. per min. Operant responses were 
recorded on a Hunter stylus recorder which 
was wired directly to the control switch. 
The mechanism which timed and administered 
rewards, also wired in series to the control 
switch, included a Hunter Model III elec- 
tronic timer and a Ridgely automatic pro- 
grammer. A 25-w. red light inside the cham- 
ber was wired to operate simultaneously with 
the activation of the blowers and to serve as a 
secondary reinforcer filling the short time 
interval between activation of the blowers 
and arrival of the cool air on S (less than 1 
sec.). 


and 35% 
the pipe, 


The apparatus for the pseudo task con- 
sisted of a 1 X 3 ft. pressed wood board half 
of which was painted white with 42 bolts 
mounted on its face. The bolts contained 
seven each of three different colored washers. 
The sonar signals consisted of a magnetic 
tape of variable signals ranging between 800 
and 2000 kc. as recorded from a variable 
oscillator. The tape was presented over a 
tape recorder which wired into the 
intercommunication system with which the 
chamber was equipped. 


was 


RESULTS 


Before turning to the results the 
reliability of E in recording the oc- 


currence of responses needs to be 
documented. Table 1 presents the 
product-moment coefficients obtained 
between 2 independent Os and E. 
These figures were based on a single S 
from each experimental group with 
the total responses in successive 5- 
min. periods as the basic unit. 

On the basis of Ss’ verbalizations 
during the postexperimental inter- 


view, they were classified into aware 
and unaware subgroups within each 
response category immediately upon 
Those Ss 
were classified as aware who gave an 
affirmative answer to Questions 5, 7, 


completion of questioning. 


or 8 in the postexperimental interview 
and who could further state the 
correct contingency between the oper- 
ant response and the reward, or name 
a response the occurrence of which 
would have led to an increase in the 
operant. In the case of these latter 
correlated hypotheses the accuracy of 
S’s verbalization was checked against 
the running notes that had been made 
of her behavior during the experiment. 
Subjects who gave negative answers 
to these three questions or who could 
not state the correct or correlated 
contingency were classified as un- 
aware. Table 2 shows the number of 
aware Ss in each of the three response 
groups and also the question of the 
three listed which elicited the ver- 
balization of the correct or correlated 
contingency. 


TABLE 2 


NUMBER OF AWARE SS IN EACH GRouUP 
DESIGNATED BY THE QUESTION 
ELICITING EVIDENCE OF 
AWARENESS 


Group 
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Evidence of conditioning was eval- 
uated separately within each of the 
three response groups by a simple 
analysis of covariance (aware, un- 
aware, and control subgroups) using 
the average number of responses 
during the last 15 min. of the condi- 
tioning phase for each subgroup ad- 
justed according to the average num- 
ber of responses occurring during the 
operant period. The summary of 
these covariance analyses is given in 
Table 3. unad- 


The adjusted and 


justed means are presented in Table 4. 

These analyses indicate that condi- 
tioning was obtained in Groups H and 
FM but, as seen in Table 4, apparently 


only in Ss who became aware of the 


contingency between their response 
and the reward. 

Curves of the average response rate 
minute 5-min. 
periods are shown in Fig. 1 for aware, 


unaware, and control Ss within each 


per over successive 


of the response groups. These plots 
reveal, without adjustment for oper- 
ant level, that the two groups demon- 
strating conditioning show a steady 
im rease of response for the aware Ss 
during decline 


conditioning and a 


CONDITIONING 


FABLE 3 
COVARIANCE ANALYSES ON THE MEAN 
RESPONSES DURING THE Last 15 
MIN. OF CONDITIONING ADJUSTED 
ro OPERANT LEVEL 


Group Source 


H Subgroups 
Error 


Subgroups 
Error 


Subgroups 
Error 


*P < 05 
*P < Ol 


during extinction. 
present for the 
controls. 


No such change is 
unaware Ss or the 

There was some concern that varia- 
tions in the daily environment of Ss 
might have some effect on the results 
since the value of the reward depended 
for the most part upon the effect of 
heat and humidity within the cham 
ber. Temperature and humidity data 
for the hour on which each S arrived 
for the experiment were obtained from 
the Illinois State Climatologist. The 
ranges of the mean temperature and 


TABLE 4 


MEAN OPERANT LEVEI 


DURING LAs? 


\ware 
Unaware 
Control 


\ware 
Unaware 
Control 


\w ire 
Unaware 
Control 


AND MEAN AND ADJUSTED MEAN 
15 MIN 


RESPONSES 
OF CONDITIONING 
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MEAN RESPONSE PER MINUTE OVER SUCCESSIVE 5-MIN. PERIODS 











3 18 23 28 33 38 43 48 53 
TIME IN MINUTES 


| ext | 


| ot | 

Fic. 1. Mean responses per minute over 

successive 5-min. periods. (The times shown 

on the abscissa represent midpoints of the 

successive 5-min. intervals from completion of 
instructions—see text.) 


humidity for each subgroup were 
79.5-83.25° F. and 43.0-52.25%, re- 
spectively. There appeared to be no 
differences attributable to external 
environmental conditions over these 
slight ranges. 

The success of this technique and 
the apparatus used was vouched for 
by all Ss save one. In response to 
Question 2, in which Ss were asked 
how well they liked the cool air, 
responses such as: “Very, very much” ; 
“It was ecstasy”; ‘‘Desperately’’; 
“Like a Manhattan”’; ‘‘Couldn’t have 
survived without it’ were typical. In 
pilot studies in which Ss were in- 
formed as to how they could obtain 
the cool air, some Ss gave as many as 
eight responses per min. when six 
responses per min. were sufficient to 
maintain a constant supply of cool air. 
It was not uncommon for Ss to ver- 
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bally request air, particularly during 
the extinction period, and E suffered 
some verbal abuse from Ss in all 
groups when these requests were not 


fulfilled. 
DISCUSSION 


The results obtained in Groups H and 
FM require little interpretation. When 
plotted cumulatively, the extinction 
curves of the aware Ss still show positive 
although reduced slope. This is not 
surprising since Ss had been on a partial 
reinforcement schedule just prior to the 
extinction phase and the strength of the 
reward was great. Some confounding 
may also be present, since the controls 
in all three groups increased in response 
rate during extinction. Also to be noted 
is that operant levels did change as a 
part of a general change in activity 
during the period, exclusive of experi- 
mental manipulation, Fig. 1. The reason 
that Ss in Group H were generally lower 
in response rate may be due to the fact 
that the pseudo task required those Ss 
to be using their hands constantly. 

The results of this study give added 
support to the increasing evidence 
against “learning without awareness.”’ 
Only those Ss who could verbalize a 
contingent relation between their be- 
havior and the reinforcement demon- 
strated learning. Since learning did 
occur for these Ss it would appear that 
the reinforcement was effective. Fur- 
ther, the fact that somewhat less than 
50% of the Ss became aware of the 
contingency would suggest that the task 
allowed room for “learning without 
awareness” had such a process 
operative. 

A finding that strikes us as quite 
remarkable was that over half of the Ss 
did not learn. Results such as this are 
not surprising in studies utilizing verbal 
reinforcements where the ‘‘rewards”’ are 
secondary and have constituted a part 
of the general social background of Ss 
for many years. However, in the present 
case the reward was primary and dre 
matic and gained the attention of all : 
to such a degree that it seems surprising 


been 
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that humans could spend 35 min. with 
the occurrence of this reward contingent 
upon their behavior and not learn the 
contingency. 

A factor that may at least partially 
account for Ss not learning or becoming 
aware of the contingency of the reward 
upon their behavior is the high operant 
level of the responses selected for con- 
ditioning. This is particularly true in 
Group F where only 3 Ss became aware 
of the contingency. Since the reward 
lasted for 10 sec., most Ss in this group 
would receive nearly continuous rein- 
forcement by merely maintaining their 
operant level. In fact Table 4 demon- 
that the mean number of re- 
sponses of the control Ss in Group F was 
greater than that of the aware Ss in 
Group H. 

The data forcefully demonstrate the 
need for appropriate control Ss in work 
on operant conditioning since it is 
obvious that parameters other than the 
experimentally controlled reinforcement 
exert an influence on Ss’ behavior. Also, 
the thorough exploration of Ss’ verbalized 
hypotheses and other behavior is shown 
to be an absolute requirement in deter- 
mining awareness. Only 4 Ss of 16 who 
were ultimately classified as aware 
the correct or correlated 
contingency in response to the initial 
question. 

It appears that the technique utilized 
in this study offers a means to replicate 
on humans the behavioral changes found 
in subhuman animals. The high tem- 
perature and humidity, supplemented by 
appropriate instructions, allows for the 
manipulation of a reinforcement which 
definitely seems comparable in reward 
value to those administered to deprived 
animal Ss. Isolation within the sound- 
proof chamber also affords a more com- 
parable situation, and one in which most 
stringent environmental and task con- 
trols are built in. Some limitations are 
placed on a complete survey of operant 
conditioning phenomena owing to the 
duration of the reward (determined in 
pilot work as the optimum), however 
this limitation appears to be slight when 


strates 


volunteered 
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compared with the ease of administration 
and overall time saved by the procedure. 


SUMMARY 


This study was concerned with a technique 
for producing operant conditioning of human 
motor responses with special emphasis on 
conditioning without awareness. Female Ss 
who thought they were participating in a 
“space” experiment were enclosed in a 
chamber at 105° F. and relative humidity 
of 85%. A 10-sec. stream of cool air served 
as a reward for operant responses. Two of the 
three experimental groups (designated by 
response class) demonstrated conditioning 
and intensive investigation of Ss’ awareness 
revealed that conditioning was apparent only 
in those Ss who were able to verbalize 
mediational steps that intervened between 
the experimental variables and the changes in 
their behavior. 
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SIMULTANEOUS CONTRAST AS A FUNCTION OF 
TEST-FIELD AREA! 


\. LEONARD DIAMOND 


Psychological Research Center, University of Hawait 


The phenomenon of simultaneous 
contrast is illustrated in the change in 
brightness of a visual field without a 
corresponding change in the lumin- 
ance of that field. That is, if next to 
a small illuminated square, which we 
shall call the test field, we place an- 
other illuminated square of much 
greater luminance, which we shall 
term the inducing field, we will per- 
ceive a decrease in the brightness of 
the test-field square even though the 
test field is held constant in luminance. 

A number of parameters of this phe- 
nomenon have been investigated in 
previous experiments. The lumin- 
ance of the test and inducing fields 
(Diamond, 1953; Heinemann, 1955), 
the separation between test and induc- 
ing fields (Fry & Alpern, 1953; 
Leibowitz, Mote, & Thurlow, 1953), 
and the area of the inducing field 
(Diamond, 1955) have all been found 
to be pertinent variables in the con- 
trast effect. 

It is now of interest to know how 
the variation of the test-field area will 
affect simultaneous contrast. Specif- 
ically, a theoretical formulation (Dia- 
mond, 1960; see Discussion 
below), which describes the relation- 


also 


ships between the above-mentioned 
parameters, would necessarily predict 


little or no change in test-field bright- 


ness as the test-field area is varied in 
such a way that its center remains at 
a constant distance from the center of 


the inducing field. The present ex- 


1 This work was supported by a research 
grant NSF-G9588 from the National Science 
Foundation 


periment is designed to test this 
prediction. 

Our general method is as follows 
(see Fig. 1): To S’s right eye is 
presented an inducing field (7), a 
rectangle twice as wide as it is long; 
below the inducing is the test field (#), 
equally as wide as the inducing field 
but variable in height, and thus in 
area. To S’s left eye is presented the 
match field (m), which is either kept 
equal in size to the test field, as the 
test-field held 
constant in (As we shall see, 
whether we vary the match-field size 
or hold it constant makes little differ- 
ence in the results.) As the test-field 
area is varied, the distance between 
the centers of the test and inducing 
fields is held constant. The brightness 
of the test field is thus measured as a 
function of its area for three different 
values of test-field luminance (.69, 
1.60, and 2.68 log mL.) over a wide 
range of inducing-field 


(— « to 2.79 log mL.). 


area is varied, or is 


size. 


luminances 


\LETHOD 
Apparatus 


Description of S’s view.—A modification of 


the apparatus used by Diamond (1955) is 
employed in the present experiment. The 
patterns seen by S are different for each eye 
see Fig. 1). 

The pattern, R, 


includes: (a 


to the right eye only, 
a test-field rectangle (t), 33’ in 
visual angle along the horizontal, and variable 
in its vertical extent from 
above the test field with its center held at a 
constant distance from the center of the test 
field, an inducing-field rectangle (i), also 33’ 
wide but with a fixed vertical dimension of 
16.5’; a small fixation point (P) 
located 21’ to the left of the test field. The 


zero to 33’; (b) 


and (¢ 
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second pattern, L, presented to the left eye 
only, includes: (a) a match-field rectangle (m), 
33’ and variable in height; and (6) a small 
fixation point (P) located 21’ to the right of 
the match field. 

In the binocular view, S is instructed to 
fuse left- and right-eye fixation points into the 
point P so that the match, test, and inducing 
fields are held in constant position relative to 
one another. Stimulation may be considered 
foveal since the visual angle be- 
point furthest 
field is never more than 70’ 


essentially 
tween the fused 
corner of any 

In order to make it easier for S to fuse the 
left- and right-eye fixation points, 
prism, the refracting angle of which is 5°, is 


fixation and 


a circular 


placed in each eyepiece of the apparatus. By 
rotating each eyepiece, one clockwise and the 
other counterclockwise, .S can optically rotate 
both left- and right-eye patterns such that he 
can vary the horizontal separation between 
them and thus more easily superimpose (fuse) 
the left- and right-eye fixation points. No 
systematic changes in the brightness of either 
right- or left-eye patterns occurred as a result 
of prism rotation 

1pparatus contro he 


the following 


ipparatus 15s 


designed to control variables 


a) the luminances of the test, inducing, and 
match fields; and (b) the areas of the test and 
match fields. Luminance controls are dis- 
detail by Diamond (1955 The 
general arrangement is as follows: The right- 
and left-eye patterns (L and R in Fig. 1) are 
S along two separate optical 
light source of 


cussed in 


presented to 
paths, one to each eye The 
each path is a 150-w 
projection lamp, in front of which is a section 
The light, diffused 


travels 


tungsten. filament 
of heat-absorbing glass 
by flashed opal 
particular pattern (L or R). 
in either path can be continuously varied by 
fixed filters and a fixed and movable Polaroid 
Made parallel by t-diopter lenses, the light 
finally travels through 3-mm. artificial pupils 
into the eves of S who is seated in a light-tight 
rhe optical path is 

horizontally for interpupillary 
arrangement 


through its 


glass, 


rhe luminance 


cubicle entire left 
adjustable 
distance by means of a screw 
attac hed to the optic il benc h 


The 


inducing 


luminance of the match, test, and 


fields are calibrated by 
binocular matches to fields of similar shapes 


means ol 
whose luminances had been 
determined by a MacBeth illuminometer. 
Test-field area is controlled by the use of 
six thin metal masks. In each of these masks 
test-field rectangle of 
os, sf, 


1 
ana 


and areas and 


a particular 
i, 2am 


16.5’, 
constant 


is cut a 


vertical dimension 


and 33.0’ in visual angle) 

















P ' 


: 
a6 oe 











Fic. 1 Ihe S's binocular view to left (I 
ind right (R The match field—m 
was held either at its maximum of 33 
or equal in area to the v iriable test-field t.) 


eyes 


min 


horizontal dimension (33.0 n induc 
field rectangle of 
16.5’ XK 33.0’ 
that its center is always at the same 
24 75’) from the test-field center 
illustrated as Pattern R in Fig. 1 
Match-field area is controlled as follows 
\ thin metal 
square, is placed before the diffused light 
Another 
thin piece of straight-edged metal is mounted 
immediately next to the mask 
that when the straight this 
piec e of thin metal coincides with the top ¢ dge 
of the match field, the match-field area is zero 
When the straight-edged metal is drawn down 
away from the top of the match field, the 
match-field area i 
tangular increments 


ing 
constant dimensions 
is also cut in each mask such 
distance 


This is 


mask, in which is cut a 3 


source (in the left optical path 
suc h 


square 


edge of second 


increases in successive ret 


In this way, the match 
field can be set equal in area to any of the six 


test-field areas 


Proceduri 


The experimental method was designed to 
investigate the brightness of the test field as a 
the area was varied in six 
from 5.5’ to 33’ 


function of its area; 
dimension 
This function studied for three 
test-field luminances, .69, 1.60, and 2.68 log 
mL., and for various inducing-field luminances 
as specified in Table 1 

It was desirable to 
variation of the match-field area would 


steps (vertical 


entire was 


whether 
ilfect 
Cherefore 


dete rmine 


the results in any systematic way 


in addition to the variation of the afore- 
mentioned 


match-field area were explored 


conditions of 

That is, the 
match-field area was (a) held equal to that of 
the test field as the test-field area was varied 
and (b) held constant at its maximum value, 
i.e., 33° square for all values of test-field area 


parameters, two 


This last condition prevailed for two inducing- 
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field luminances—zero luminance (— ~ log 
mL.), and a luminance approximately equal 
to that of the test field, whatever it happened 
to be (.69, 1.60, or 2.68 log mL.). 

During each experimental session, which 
required between 30 to 60 min., test-field area 
and luminance were held at constant values 
for that session, and both match-field area and 
inducing-field luminance were varied. The 
various match-field sizes or inducing-field 
luminances explored during one session were 
counterbalanced. Intersession periods were 
never shorter than 4 hr. Successive test-field 
areas and test-field luminances were taken in 
different and were presented in 
random order. 

Psychophysical method.—Seated in the 
light-tight cubicle, S initially dark adapted 
for 3 min., then light adapted for 3 min. to the 
binocular view, i.e., at a test-field luminance 
and a set area for a particular experimental 
session, the match field at the same brightness 
the test field, the inducing field at a 
luminance set for a particular experimental 
point. The S then began making brightness- 
equality matches following the psychophysical 
method of adjustments as described by Guil- 
ford (1936). That is, S set the luminance of 
the match field so that it appeared equal to 


sessions 


as 
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that of the test field. The EZ then changed 
the luminance of the match field in a random 
manner after each match. The S had to 
adjust the match-field luminance again until 
it seemed equal in brightness to that of the 
test field. In this manner, for each experi- 
mental point as indicated in Table 1, S made 
10 matches. The average of these 10 match- 
field luminances was taken as the brightness 
of the test field for each experimental point. 
This procedure was followed for 2 Ss, JS 
and RH. 


RESULTS 


The data are presented for each S 
in Table 1, and averaged in Fig. 2. 
Figure 2 shows the log luminance of 
the match field (B,,) plotted as a 
function of the test-field area (as 
measured by its vertical dimension). 
Log B,, may be termed the brightness 
of the test field since its value is based 
upon an equality judgment between 
the match- and test-field brightnesses. 
The function is graphed for different 
values of test-field luminances (log B,) 


TABLE 1 


LoG Matcu-FIeELD LUMINANCES (ML. 
AND 


AND INDUCING 


Log Ind. 
| Luminance 
(mL.) 


Log Test 
Luminance 


0.69 


| “59 | | 134 
09 | 


) FOR DIFFERENT TEsT AREA 


Test LUMINANCES 


Test Height (Min.) 


Js | RH 


92 | 
81 | 
53 | 
.66 | 
.36 
— .03 


41| 85 62 | 
11} 


—.04 | 


34 
—.07 


11 | 


1.28 |1.91 |1.31 
1.75 |2.01 |1.47 
1.31 |1.66 |1.21 
1.42 |1.96 |1.33 |1.72 |1. 
1.33 |1.70 |1.25 |1.46 /|1. 
_1.02 1.31 | 


— 
1.60 | 
1.69,,* | 


2.19 2.84 2.48 | 2.61 12.37 |2.72 | 2.51 2.83 2 


2.59 2.99 |2.80 |2.94 |2.46 |2.76 


2.68 
2.35 2.50 |2.87 |2. 
ma 
2 


83 
.62 |2. 
73 |2 


NN bt 


1.76 |1.49 |1.81 
1.79 |1. 
1.54 |1.49 |1.69 | 


99 |1.17 |1.01 |1. 30 | 


2.20 |2.74 |2.60 |2.50 |2.08 |2.74 


21 p36} 2. 2.59 |2.80 | 4 


1.49 |1.66 
1.37 |1.54 
1.32 |1.47 | 
1.38 |1.54 
1.18 |1.37 
1.18 |1.14 


| 1.65 
| 1.58 
td 1.49 
.26 | 1.75 


26 | 1.45 


28 |1.70 | 


— 


22 |1.56 | 
18 |1.38 | 


_— 


| 
f 


2.45 |2.81 
2.29 |2.77 | 
2.53 |2.82 | 
2.49 |2.72 | 


2.48 
2.36 | 
2.27 | 


31 |2.62 
38 |2.47 


NNNNN i) 
NNN DO th bh 


* The subscript m indicates a constant maximum match-field area for all test areas. 
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2 SUBJECTS (AV) 


MAXIMUM 
MATCH FIELD 


LOG Bj (mL) 


c 
-@ 
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20 830 


40 


LOG Bj (mL) 
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HEIGHT OF TEST FIELD (min.) 


Test brightness as a function of test area for different test 
and inducing luminances. 


and for different inducing-field lumin- 
ances (log B;) and match-field areas. 

The effect of test-field area upon 
test-field brightness is minimal. 
There seems to be little or no change 
in the brightness of the test field as its 
area is increased; this holds through- 


out the test-field and inducing-field 
luminance range explored and for both 
conditions of match-field area. In- 
ducing luminance, however, does have 
an effect as seen in previous experi- 
ments (Diamond, 1953, 1955). The 
greater the inducing luminance, 
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INDUCING-FIELD 
"ON" FIBERS 


DISCHARGE-FIELD 
7 “OFF” FIBERS 








TEST-FIELD 
"On" 
FIBERS 


om 


Diagram of inhibitory interactions 
and 











Fic. 3 
between test and 
(Ar- 
inhibitory 
fiber or fibers 


fibers 
fibers 


inducing on 
spontaneously discharging off 


rows show directions of main 


efiects 


in each respective field 


Circles represent any 


greater than equality with test lumi- 
nance, the lower the brightness of the 
test field, or the greater the depression 
of test brightness. 

The lines drawn through the experi- 
mental points are fit by theoretical 
curves which can now be discussed. 


DISCUSSION 


The theory fit to the above data was 
originally devised not only to explain the 
phenomenon of depression seen in the 
present results (and its change, or lack of 
change, with test-area change) but also 
the phenomenon of enhancement 
Diamond, 1960). 
tions test brightness can increase, or be 
enhanced, especially if surrounded by a 
less bright inducing or surround field. 
Why enhancement did not occur in the 
present experimental situation will be ex- 
plained after the basic physiological as- 


(see 


Under certain condi- 


sumptions to the theory are summarized. 
In Fig. 3 are diagramed the main or 
primary physiological events that accord- 
ing to our theory are basic to psycho- 
physical depression and enhancement. 
For depression of test brightness, the 
test field ‘‘on’’ fibers (which presumably 
mediate psychophysical brightness) are 
inhibited by (a) the inducing on fibers, 
(b) other test on and (c) the 
spontaneously discharging off fibers. 


fibers, 


DIAMOND 


For enhancement of test brightness we 
must first note something not indicated 
in Fig. 3; i.e., off fibers exist within the 
test and inducing fields as well as the 
discharge field. Now to explain en- 
hancement in a multiple-field situation; 
i.e., one in which an inducing field as well 
as a test field is present, we must assume 
that when the inducing-field luminance is 
zero, the off fibers immediately surround- 
ing the test field are normally active. 
\s the inducing field now increases from 
zero to some value below test-field lumin- 
ance the off fiber activity within the 
inducing-field dimin- 
ished. Enhancement in the multiple- 
field situation is therefore explained as a 
“disinhibition” of test-field activity; i.e., 
inhibition by the inducing field of dis- 
charge activity releases the test field from 
discharge inhibition. 


borders becomes 


This, of course, is a verbal description 
of the theory behind the explanation of 
Fig. 2 data. The curves drawn through 
the data are mathematically determined. 
The mathematic function fitted to the 
data is based upon preliminary assump- 
tions which we must first discuss. A 
more complete and detailed discussion of 
the assumptions is available in Diamond 
(1960). 

Our theory then assumes a number of 
physiological events, concerning both on 
and off the retina when it is 
illuminated by the test circle. Most of 
these assumptions are based upon physio- 
logical findings in animals and are as 
follows. 


fibers in 


On Fiber Frequency 


The frequency f;, of a stimulated on 
retinal fiber (as described by Hartline, 
1938): 


1. directly determines the strength of the 
brightness response, or 
A, = kif, [1] 
where A; represents the brightness response, 
k. is a proportionality constant, and f;, is 
the frequency of the on fiber. This rela- 
tionship has been suggested by Adrian's 
(1928) demonstration of the similarity be- 


tween the brightness-duration curves in 
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man and the frequency-duration curves 
taken from the optic nerve of the eel. 

2. is directly proportional to a power 
function of the luminance of the stimulating 
light, as suggested in Diamond's (1960) fit 
of Hartline and Graham's (1932) Limulus 
data, or 


fi, = kB, (2] 


where B,, is the luminance of light striking 
an on fiber. 

3. is inversely proportional to the fre- 
quency of a nearby on fiber, as demon- 
strated by Hartline and Ratliff (1957) in 
the Limulus, or 


where f;, is the frequency of a nearby on 
fiber within the test field. Since according 
to Equation 2 above frequency is propor- 
tional to luminance then 


Rs 
B.3 


when B,, is the luminance striking the near- 
by on fiber. Within the test field this is 
equal to By, 

4. isinversely proportional to the number 
of nearby on fibers as demonstrated by 
Hartline, Wagner, and Ratliff (1956) in the 
Limulus, or 


where E,, represents the total number of 
nearby on fibers within the test field 

5. is directly proportional to the distance 
between the test and nearby on fibers, as 
demonstrated by Hartline, Wagner, and 
Ratliff (1956), or 


= k, 6] 


| 
where r;,; is the separation between the two 
on fibers in the test field It becomes 
convenient and actually desirable, as 
pointed out by Diamond (1955), to combine 
Equations 5 and 6 such that 


where re eis the average separation between 
all test fibers and C;, therefore describes 
the combined effect of all the individual 
nearby on fibers; it then follows that 


ee Refit ke 
Ey he — 


8) 


Equations 2 through 8 are also applicable 
to the interaction between a test on fiber 
and inducing on fiber (see Fig. 3). Thus 
ke r9 
Cit ei 

where C;,¢ represents the combined effect 
of all on fibers from the inducing field upon 
those in the test field 

6. is inversely proportional to the fre 
quency of a nearby off fiber, as suggested 
in Granit’s (1955) descriptions of the 
mutual antagonism between on and off 
fibers, or 


[10] 


where f, is the frequency of an off fiber 
7. is inversely proportional to the number 

of nearby off fibers at particular distances 
away or 

; ki , 

fi, = 

ty Cur [11] 
where Cz,; is the combined effect of all the 
off fibers in the discharge field on the on 
fiber frequency in the test field. With 
respect to the frequency of an on retinal 
fiber in the test field, Equations 1 through 
11 may be combined into the following 
formula: 


K.Be P 
7 K, B&aKeCi 1+ KsaBetK iG, et+KsfoCa,e ° 


The subscripts of the proportionality con- 
stants (K) are chosen to coincide with 
those used in the more general brightness 
theory by Diamond (1960) 


Off Fiber Frequency 


The frequency, f., of an off fiber in the 
discharge field, which we assume to be 
spontaneously active in the dark accord- 
ing to data taken from the cat eye by 
Barlow, FitzHugh, and Kuffler (1954) : 


1. is directly proportional to some “‘in- 
ternal driving force’’ (comparable to the 
external luminance effect on on _ fibers) 
which we shall assume to exist. Such a 
mechanism is suggested by experiments, 
described by Granit (1955), which show 
both on and off activity to increase in the 
retina as a result of central (reticular 
formation) stimulation Thus 


f, = kyDt [13] 


where D represents this “‘driving force.” 
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2. is inversely proportional to the fre- 


quency of a nearby on test fiber, according 
to Granit’s on-off antagonism findings cited 
above, or 


[14] 


3. is inversely proportional to number 
and distances away of nearby on test fibers, 
or 
= kis 


i,=-— 
7 Cra 


[15] 
where C;,4 is the combined effect of all the 
on fibers in the test field upon the off fibers 
in the discharge field. This assumption has 
not been tested experimentally. 

4. is inversely proportional to the amount 
of light impinging upon the off fiber, as 
demonstrated by Hartline (1938). This 
light could be direct or scattered from the 
test beam stimulating the on fibers. The 
retinal effectiveness of scattered light in the 
human eye has been demonstrated by 
Boynton and Riggs (1951). Thus, 


[16] 


With respect to the frequency of an off 
fiber in the retinal discharge field, therefore, 
Equations 12 through 15 may be com- 
bined into the following formula: 


K;Di 
~ KBiCya 
Equations 14 through 16 are also ap- 
plicable to the interaction between an in- 
ducing on fiber and a discharge off fiber (see 
Fig. 3). Thus 
K;Dt 


f =< 
5 KsB;C;,a 


[18] 


where C;,a represents the combined effect 
of all on fibers from the inducing field upon 
the off fibers in the discharge field. 


It should be noted that the inhibi- 


The S’s brightness response to the 


—— +8 
KiB (K2C1,1) + KsBaKsCit + - 
K7BiCi.4 + KB; 


match 
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ducing field is effectively greater when 
an inducing square, for example, is 
near the test square. This is because 
discharge elements near the test field 
are initially more effective than those 
far away. When the inducing field 
inhibits near discharge elements, the 
effect of spontaneous discharge on the 
test field is much more reduced than 
when the far discharge elements are 
inhibited. Therefore the effective 
discharge frequency is a function of 
the separation between test and in- 
ducing fields, or 


[19] 


where 7; is the average separation 
between all elements in the inducing 
field and those in the test field. That 
Fi,4 is set in ratio to #;,, is empirically 
required for a satisfactory fit of certain 
data (see Diamond, 1960, pp. 183 
184). A completely rational account 
of the functional relationship between 
f. and #;,, awaits further knowledge of 
separate and relative effects of light 
scatter in the intact human eye and 
on-off antagonism. 

Equations 17 through 19 may be 
combined to include the effect of the 
inducing field upon the off frequency, 


~ —- [20] 
, i > r i 
K;BéCia + KsBs 4 
Tine 
If we now combine Equations 1, 12, 
and 20 then 


— KsD*(K6Ca,s) 


PrtCia 


[21] 





t,t 


field can be described in the 


same manner minus the inducing field effect, or 
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Am 


K,B,,*(KoCm a) + — 


K.B,* 


KsD'(KeCa na) 
KB C4 


Since in the present experiment, the S is required to match the test and match 


field in brightness such that 


At 


Aw [23] 


then if accordingly we set Equations 21 and 22 equal 


K.B,,* 4 
K,;D" '(K6Ca ee 
K7BnC*m a 


K,B,,"' " K2C'm ‘ a) “1 


KBs 4 


K,B,*!4(KoCe.)? + K3By*!* (Ka 


In Table 2 are presented the values of 
the terms in Equation 24. The pro- 
cedures for determining values for the 
terms were as follows: The values of 
the luminance (B) terms were taken 
directly from the luminance values of 
the different fields. The area-separa- 
tion (C) terms were calculated accord- 
ing to Equation 10 above. The di- 
mensions of the discharge area were 
arbitrarily chosen ; since only minimal 
inhibitory effects occur between fields 
separated by more than 4.5° (Fry & 
Alpern, 1953) of visual angle and at 
certainly no more than 9° (Leibowitz 
et al., 1953); spontaneous discharge 
elements further than 9° from the 
center of the test field were not con- 
sidered to be effective. 

The value of D (spontaneous dis- 
charge activity) is arbitrarily taken as 
the value 1. This turns out to be 
empirically satisfactory and must do 
until such time as physiological and/or 
psychophysical, manipulation of dis- 
charge activity reveals its 
value. 

The value of the a, 0, c, e, f, and K 
terms were determined empirically 


actual 


i. + 


KsD!4(K6Ca +)® 


re Ce d 
Vivt 


(by trial and error fitting). The 
value of K, is not included in Table 2 
since this term cancels out in Equa- 
tion 20. 

It should be noted that in Equation 
20 and Table 2 are listed a total of 18 
fitted Were these 
stants completely without 
restriction, any number of a variety of 
functions could be generated, so that 
the fit of our physiological theory to 
the 16 functions in our present experi- 
ment (see Fig. 2) would be meaning- 
less. The constants, however, were 
not chosen arbitrarily but were those 
fit by Diamond (1960) to more than 
45 additional functions having to do 
with contrast and pre- 
dicted by the same theory as outlined 
above. 


K7BiC's.a + KsB; 


constants. con- 


chosen 


brightness 


As noted above, enhancement as a 
function of test area clearly 
evident in the data. Furthermore, 
although it is included as a basic com- 
ponent of the present theory it is not 
predicted for the stimulus conditions 
existing in the present experiment 
That is, the off fibers in the discharge 
field (see Fig. 3) are already inhibited 
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SIMULTANEOUS CONTRAS1 


by the suprathreshold 
according to 


test light, 
Equation 17 above. 
The increase in test area therefore has 
no further effect on the discharge off 
fibers thereby resulting in little or no 
disinhibition or enhancement. 


SUMMARY 


rhe brightness of a test-field rectangle was 
studied as a function of its area and the 


rhe area of the test field was varied by in- 
creasing its vertical dimension from 5.5’ to 
33.0’ in visual angle. A binocular matching 
technique was used in which S indicated the 
test-field brightness by the luminance of a 
match-field set equal in brightness to the test 
field. 

Two experiments were performed. In the 
first the match area was held at a constant 
maximum value. In the second the match 
area was allowed to vary along with the test 
area. The dependent variable for both ex- 
periments was match-field luminance and the 
independent variables, test area, test lumin- 
Very little if 

the test-field bright- 
test-area 


This held 


wide range of test and inducing luminances 


ance, and inducing luminance 
any change occurred in 
ness as a function of 


either 


Variation in 
experiments true for a 
As inducing luminance was increased, how- 
ever, test brightness became depressed \ 
mathematical theory fit to the data was based 
upon inhibitive 


physiological interaction 


among individual cone receptors in the retina 
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McGill University 


The role of mediation in associative 
processes has long been recognized by 
psychologists (see Atherton & Wash- 
burn, 1912) despite early failures to 
demonstrate its influence in controlled 
experiments (e.g., Howe, 1893). 
Peters (1935) was among the first to 
report positive results in controlled 
designs, and recently, several in- 
vestigators (McGehee & Schulz, 1962; 
Russell & Storms, 1955) showed con- 
clusively that mediation in paired- 
associate learning can be demon- 
strated in the laboratory. In these 
studies the existence of mediation in 
verbal learning was inferred from 
transfer designs permitting positive 
generalization of acquisition gradients. 
The present paper represents an at- 
tempt to study mediation in verbal 
transfer using generalization of inhibi- 
tion gradients. In other words, a 
design was used which, on the basis 
of previously established facts, should 
lead to facilitative effects in paired- 
associate learning but, because the 
inferred mediators are ‘tampered 
with,” inhibition instead of facilita- 
tion is expected to be transferred. 
the present design produces 
inhibition by the direct manipulation 


Since 


of the mediators, it has an advantage 


over previous approaches in which the 
mediated effect remained at the im- 
plicit level. 


!This research was supported by the 
Canadian Defense Research Board Grant 
D77-9401-10 and in part by a subvention 
from the Carnegie Corporation. We are 
grateful to Rabindra Kanungo for helpful 
suggestions. 


METHOD 


Design.—The design of the present study 
was parallel to those of Russell and Storms 
(1955) and McGehee and Schulz (1962). In 
Group E (experimental), Ss learned two 
paired-associate lists: List 1 established A-B 
connections between nonsense syllables and 
meaningful words; List 2 was composed of 
A-D pairs, where the relation between B and 
D was such that D was the most common 
associate to C and the latter was the most 
common associate to B. The middle element, 
C, acts as the mediating link in the forward 
associative chain, B — C —D, and provides 
facilitation in the acquisition of the A-D list. 
In the present case, however, the C word was 
“satiated” according to a technique described 
by Lambert and Jakobovits (1960) who 
showed that continuous repetition of a word 
results in a decrement in the intensity of its 
connotative meaning. It was expected that 
the decreased meaningfulness of the C word 
would reduce its effectiveness to act as a 
mediator in the B ~ C —D chain, reducing 
the facilitation effect during the subsequent 
acquisition of the A-D pairs. 

In Group C (control), Ss also learned two 
lists: List 1 established A-X associations be- 
tween the same nonsense syllables but other 
meaningful words than those used for Group 
E; List 2 was composed of the same A-D pairs 
as used for Group E. However, no associa- 
tive relation existed between the X and D 
words. The words were the same as those 
used in the Russell and Storms (1955) study 
where a complete description of the procedure 
for selecting words can be found. 

The overall design is illustrated in Table 1. 
Group E received the Mediator Nonsatiated 
and the Mediator Satiated conditions. Each 
of these two conditions consisted of five paired 
associates. The A;-By and A;-Dy pairs cor- 
respond to the second half of the A-B and A-D 
pairs, respectively, in Table 3 of the Russell 
and Storms study. The A.-Bs and A:-Ds 
pairs correspond to the first half of the A-B 
and A-D pairs, respectively, in their study. 
The 10 A-B pairs formed List 1 in the present 
study, while the 10 A-D pairs formed List 2. 
Three different random orders of the 10 pairs 
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PRANSFER 


rABLE 1 


ILLUSTRATION OF 


Condition List 1 


Mediator Nonsatiated 


Mediator Satiated 


Nonmediated Control 


rHE DesiGN USED IN THE EXPERIMENT 


List 2 Inferred Action 


By- 


Examples of the Above Conditions in the Same Order 


List 2 


GEX-JUSTICI GEX-WAR 


YOV-SOLDIER YOV-NAVY 


GEX-HOUSI 


YOV-CHEESI YOV-NAVY 


Note 


lists. S 


-The notations A: and 
milarly, Bx or Dw and Bs « 


in each list were presented in a standard 
memory drum at a 3:3-sec. rate with a 6-sec 

intertrial interval. The instructions given 
were the same as those described in detail 
by Storms (1958). Each List 1 for a 
maximum of 27 trials or until he met the 
criterion of three errorless repetitions, which- 
ever came first. (All Ss met the lesser 
criterion of one errorless repetition, but 10 
failed to meet the criterion of three errorless 
repetitions within the maximum of 27 trials 

Eight minutes elapsed between the last pres 
entation of List 1 and the first presentation 
of List 2. During this period, Ss of Group E 
received the which in- 
Mediator 
as well as five 


5S saw 


satiation treatment 
volved the five Cs words of the 
Satiated condition (A,-Bs), 
filler words (actually, the second half of the 
X words in the Russell and Storms table 


First, S rated the 10 words (randomly mixed) 


Inferred Action 


JUSTICI —>PEACI 


. 


SOLDIER 
n 
HOUSI 
Pal 


CHEESI 


yovV.. —>NAVY 


A» refer, respectively, to the first 5 and second 5 stimulus members of the 10-it« 
tr Ds refer to the first and second half of the response members 


rABLE 2 


NUMBER OF TRIALS TO CRITERION 
ON THE VARIOUS CONDITIONS 
FOR Groups E anp C 


Group I Group C t 


Condition a bet weer 
Groups 


Mean;| SD | Mean} SD 


Ai-Bw and A:>-Bs 19.80") 5.09 
(List 1) 
26 
Ai-X:1 and AX: 
(List 1) 
A1-Dw and A:Ds 
(List 2) 
A1-Dw 
ADs 


| 17.95») 4.22 
17.30>) 5.16, 4.45** 


15.25 | 5.14 
14.45 | 5.16 


6.13** 
2.86* 


* The difference between these two means is signifi- 
cant (¢ = 11.73; P < .001). 

>The difference between these two means is not 
significant (¢ = 0.64; ms). 

*P < Ol. 

*P < .001. 
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on three scales of the semantic differential 
(pleasant-unpleasant, strong-weak, and fast- 
slow). Then S repeated aloud each word for 
2() sec. before rating it again on the same three 
scales. Differences in intensity of ratings 
before and after repetitions represent the 
semantic satiation scores to be presented be- 
low. Following the satiation treatment, List 
2 was presented and S learned it to a criterion 
of three errorless repetitions and in this case 
all Ss reached the criterion in less than 27 
trials. 

The Ss in Group C received the Non- 
mediated Control condition shown in Table 1. 
The five A,-X; pairs and the five Ae-X2 pairs 
formed List 1 which corresponds to the A-X 
column of the Russell and Storms table. The 
Ai-Dy and A:-Dg pairs which formed List 2 
were the same as those for Group E. The 
procedure used with Group E was duplicated 
here except for the fact that no satiation 
treatment was administered, and Ss were 
engaged in neutral conversation during the 
8 min. which separated the two lists. 

In summary, the following comparisons 

be noted: the Mediator Nonsatiated 
condition in the present study corresponds to 
the “Chained” condition of Russell and 
Storms (1955) or the ‘‘Mediated” group of 
McGehee Schulz (1962). The Non- 


can 


and 
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mediated Control condition corresponds to the 
“Unchained” or ‘‘Nonmediated”’ conditions 
respectively in those two studies; the Medi- 
ator Satiated condition represents the pro- 
active interference design of the present study. 
The results are presented in terms of differ- 
ences in acquisition scores of List 2 under the 
three conditions. 

Subjects—The Ss were 50 male English- 
speaking cadets of the Royal Canadian Air 
Force enrolled in a 6-wk. training course at a 
base near Montreal. They were asked to 
volunteer for the experiment by their in- 
structor. The testing was done individually 
at the training base during regular work 
hours. The first 30 Ss formed Group E, the 
last 20, Group C. 


RESULTS 


Comparison between the two groups 
on the number of trials required to 
reach the criterion of one errorless 
repetition (met by all Ss) for their 
particular first list is presented at the 
top of Table 2. There is no signifi- 
cant difference between the two 
groups, indicating that they are of 


TABLE 3 


COMPARISONS BETWEEN THE MEDIATOR 


SATIATED (A);-Dg) CONDITIONS OF 


Means {« 
Measures 


First 5 diff. correct 
responses 


lrials to 1 errorless 
repet. 


otal correct anticipa- 
tions* 


lotal number of 
intrusions®* (4.60) 

Total number of 
omissions* 


21.71 
(13.83) 


lotal correct 
anticipations” 


40.83 


(16.20) (11.83) 


Note.—Numbers in parenthesis are SDs 
* To acriterion of one errorless repetition 


ox Group E 


NONSATIATED (A;-Dy 
List 2 FoR Groups E 


AND MFDIATOR 
AND C 


Means for 


» To a criterion of three errorless repetitions or 27 trials 


*P < O01, two-tailed ¢ test 
**P < .001, two-tailed ¢ test. 
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equal learning ability. This conclu- 
sion is correct unless the materials in 
the two lists are not of equal difficulty 
which is unlikely in view of the par- 
ticular selection procedure used by 
Russell and Storms (1955) and the 


fact that McGehee and Schulz (1962), 
using the same meaningful words but 
other nonsense syllables of compa- 


rable association values, found no such 
difference. The two differ 
significantly on the acquisition of 
List 2, with Group E showing a 
marked superiority over Group C. 
This finding is a replication of Mc- 
Gehee and Schulz and other studies in 
which the mediated condition was 
found to be superior to a nonmediated 
condition. The same _ finding is 
pointed up by the fact that the ac- 
quisition of List 2 by Group E is 
significantly faster than for List 1, 
whereas no such facilitation effect is 
noticeable for Group C (see Footnotes 
a and b to Table 2). Breaking down 
the analysis of List 2 acquisition into 
A;-Dy and A:2-Ds pairs it can be seen 
that in both cases Group E is signifi- 
This 
means that the predicted proactive 
inhibition effect of the Mediator 
Satiated condition (A»-Ds) did not re- 
sult in absolute negative transfer. In 
fact, facilitation was noticed, although 
significantly less than in the case of 
the Mediator Nonsatiated condition 
(As-Dy), as will be indicated below. 


groups 


cantly superior to the control. 


The mean semantic satiation score 
for Group E on all 10 words was — 3.07 
(SD 6.64: t 240: F < MZ). 
For the five Cs words the mean was 
—2.27 (SD = 3.82;t = 3.20;P < .01); 
the mean for the five filler words was 
—0.80 (SD 4.09; f¢ 1.05; ms). 
This difference in amount of semantic 
satiation shown on the two sets 
of words approaches _ significance 
(t = 1.84: P < .10), even though the 
product-moment correlation coefficient 
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between the two sets is significant 
(r = 43; P < .02). Although there 
is a basis for speculating on the reason 
for the difference noted (e.g., the Cs 
words are related to the B words seen 
in List 1, whereas the filler words are 
not so related), such a discussion is 
not directly relevant to the purpose of 
this study. 

Let us then turn to a comparison of 
the acquisition scores between the 
Ai-Dy and A:-Ds pairs of List 2 for 
Group E. Russell and Storms (1955), 
making a similar comparison in their 
study, used two separate criteria. 
One of these was an analysis of the 
first five different correct responses 
made by the Ss, with a view to deter- 
mine whether the response terms of 
the A-D pairs, for which associative 
chaining was possible (here, the A;-Dy 
pairs), were more easily elicited during 
the early trials. 
these were compared to the 


In the present study 
ADs 
pairs where the mediator was satiated. 
The other analysis involved subtract- 
ing the total number of correct antici- 
pations by each S for the Mediator 
Satiated pairs (Ae-Ds) from the cor- 
responding total for the Mediator Non- 
satiated pairs (A;-Dy). If there is 
inhibition during learning of the Me- 
diator Satiated pairs (i.e., S has a 
smaller number of correct anticipa- 
tions for the A»s-Ds than the A;-Dy 
pairs), this difference will be positive. 
In view of Weitz’s (1961) argument 
that conclusions based verbal 
learning data often depend on the type 
of criterion measure used, it 
decided to add four other measures in 


on 
was 


the present analysis and these are pre- 
sented in Table 3. It can be seen that 
all six measures used in the compari- 
son support the conclusion that 
mantic satiation of the connotative 
meaning of the mediator (C) increases 
the difficulty with which an A-D list 
is acquired after having established 


se- 
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A-B pairs. Furthermore, the pro- 
active inhibition effect is noticeable 
not only as an increase in the number 
of trials required for acquisition, but 
also as an increase in both the number 
of intrusions and omissions made dur- 
ing acquisition. The same analysis 
for Group C is also given in Table 3. 
It will be remembered that Group C 
established A-X connections before 
learning A-D associations, and no sa- 
tiation treatment was given. It can 
be seen that none of the six measures 
indicate differential difficulty of ac- 
quisition of the A;-Dy and A»-Ds 
pairs. 

A closer examination of the data 
lends support to the main finding. If 
the A,-By pairs of List 1 had been 
originally better learned by experi- 
mental Ss than the A»-Bs pairs, then 
the A,-Dy pairs of List 2 would have 
been easier to acquire than the A»-Ds 
pairs. Analysis of the total number 
of correct anticipations of the A,-By 


pairs minus the corresponding number 
for the A»-Bs pairs during learning of 
List 1 (to a criterion of one errorless 
repetition) yielded a mean of —2.47 


(SD = 15.51: ¢ = 0.88; as). Thus, 
not only is there no reliable difference 
in the learning of A;-By and A:-Bs 
pairs in List 1, but also the A;-By 
pairs were somewhat more difficult to 
learn as indicated by the minus value 
of the mean _ difference. Conse- 
quently, the differential difficulty of 
A-D pairs under the gatiation and 
nonsatiation treatments 
attributed to the initial 
difficulty of A-B pairs. Also, the 
fact that Group C did not exhibit 
superiority of the A,;-Dy over the 
Ae-Ds pairs of List 2 (Table 3) in- 
dicates that there was no intrinsic 
difference between the two sets of A-D 
pairs. Finally, r = .42 (P < .02) be- 
tween the degree of semantic satiation 
shown by each experimental S on the 


cannot be 
differential 
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satiated mediators (Cs) and the 
extent of inhibition shown in acquisi- 
tion of A»-Ds pairs relative to the 
Ai-Dy pairs. This is a most interest- 
ing finding since it shows that the 
extent of proactive inhibition for in- 
dividual Ss caused by satiation of the 
mediator is related to the degree of 
decreased meaningfulness of the me- 
diator itself. 


DISCUSSION 


The finding that a significant facilita- 
tion effect is obtained in List 2 with 
Group E, but not with Group C, is a 
replication of the positive transfer effect 
of the mediation paradigm reported by 
several authors and will not be discussed 
further in detail. The specific contribu- 
tion of this paper concerns the other 
finding reported, namely that signifi- 
cantly less facilitation is obtained when 
the mediator is satiated. Two possible 
mechanisms might be operating here : one 
is that the availability of the mediator is 
reduced, making the completion of the 
mediation sequence B—C—D 
probable; the other is that, given the 
assumption (see Staats, 1961) that some 
of the mediation reactions in the mediator 
C are also involved in B and D, the 
inhibition process might generalize to 
these two terms as well. As a result of 
either of these two processes, the sub 
sequent acquisition of D will have been 
made more difficult. Furthermore, the 
amount of generalized inhibition or se 
ondary extinction might be expected to 
be proportional to the degree to which 
the original stimulus word was inhibited. 
The significant positive correlation re- 
ported above is with this 
expectation. 

The authors view the present findings 
as further support for their interpretation 
of semantic satiation as a cognitive form 
of reactive inhibition having character- 
istics similar to extinction phenomena 
noted with conditioned responses (Jako 
bovits & Lambert, 1962a, 1962b; Lam- 
bert & Jakobovits, 1960). The present 
study also shows that the role of media- 


less 


consistent 
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tion in verbal learning can be studied 
from the point of view of generalization 
of inhibitory processes—an approach 
which is complementary to the positive 
semantic generalization paradigms used 
so far by previous investigators. Studies 
on the generalization of semantic in- 
hibition, or, as in the present case, of 
mediated satiation, ought to prove useful 
in eliminating undesirable verbal habits, 
and perhaps even nonverbal habits, and 
may well provide a tool for the experi- 
mental manipulation of implicit verbal- 
izations or meanings in studies of think 
ing and problem solving. 


SUMMARY 


The present study was concerned with 
mediation in verbal transfer where generalized 
inhjbition could be observed from one learning 
task to another. A proactive interference 
paradigm was arranged using the same method 
and material as Russell and Storms (1955) and 
McGehee and Schulz (1962). Assuming that 
mediation follows the sequence B ~C — D, 
Ss first learned an A-B list, then the meaning 
of the inferred mediator, C, was reduced by a 
satiation procedure, and finally an A-D list 
was learned. It was shown that satiation of 
the mediator resulted in generalization of 
inhibition during learning of the A-D list. 
rhe results were discussed in the light of the 
existing theoreticai models for mediated 
generalization. 
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WORK DECREMENT AND REMINISCENCE IN 
PIGEON OPERANT RESPONDING! 


C. ALAN BONEAU ano SEYMOUR AXELROD 
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The present study was prompted by 
the incidental observation that pi- 
geons in a Skinner box seemed to 
exhibit some of the phenomena of 
human motor learning (see, e.g., 
Kimble, 1949). Specifically, after the 
pigeons had been trained to peck a key 
with a pattern projected on it, and 
not to peck when the key was blank 
(a relatively distributed work sched- 
ule), response rate declined over a 
series of successive positive periods 
(work decrement during relatively 
massed practice) and then increased 
markedly after a negative period in 
which response rate was low or zero 
(reminiscence). The experiment de- 
scribed here was a more systematic 
exploration of these phenomena ; addi- 
tionally, the question was asked 
whether the reminiscence effect is at- 
tributable merely to the rest during 
the negative period, or to inhibitory 
properties acquired by the nega- 
tive stimulus during discrimination 
training. 


METHOD 


The Ss were 12 naive young-adult white 
Carneau pigeons, maintained at 75% ad lib. 
weight by manipulation of food intake. The 
Ss were first key trained and then given 6 
days of training on a 60-sec. variable interval 
(VI) schedule for 30 1-min. periods per day 
Following this, Ss were trained for 4 days, 
using a 60-sec. VI schedule for positive periods 
and no reinforcement for negative periods, to 
peck at a disk on which a pattern (circle with 
a gap at the top) was projected, and to with- 
hold response when the disk was illuminated 


‘The authors are indebted Norman 
Guttman for the use of his apparatus. David 
Wells assisted in running Ss and in analyzing 
data 
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but blank. Response periods lasted 60 sec., 
and alternated with 10-sec. off periods during 
which the box and key were unilluminated. 
Thirty periods per day were run, 15 positive 
and 15 negative, in random sequence with the 
restriction that no more than 2 positives or 
negatives were presented successively. For 
the next 4 (postdiscrimination test) days, 40 
periods/day run. During Periods 9, 
18, 27, and 36 the key was either (D) dark 
(a rest period) or (L) lighted but blank (the 
negative stimulus) and reinforcement was 
withheld; during the remaining 36 periods, 
the positive stimulus was present and the 
60-sec. VI schedule was maintained. The 
temporal the dark and light 
periods were systematically assigned so as to 
distribute sequence effects. 


were 


positions of 


RESULTS AND DISCUSSION 


In Fig. 1, average rates of respond- 
ing for the 12 Ss are plotted trial by 
trial for selected days of the training 
procedure. The first panel shows the 
relatively stable rate of responding 
on Day 6 (last) of VI training. The 
second and third panels show the 
rates to both the positive and negative 
stimuli for Day 1 and Day 4 (last) of 
discrimination training. As expected, 
there was considerable warm-up 
effect at the beginning of each day. 

The fourth panel of Fig. 1 shows the 
average rate per trial on the first day 
of the postdiscrimination training. 
Of interest are the high rates on the 
first trials of each block and the 
gradual decrease in rate until the 
interpolated blackout period or nega- 
tive stimulus (Trials 9, 18, 27, and 36). 
The decrease is quite orderly. In- 
dividual Ss showed a steady trial-by- 
trial decrease in rate, occasionally 
with no inversions. Least squares 


a 


lines fitted to the last seven points of 
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Rate of responding 
the first group of eight trials 
compensate for warm up), and to all 
points for the other blocks of trials, 
are also shown, and are the basis for 
the 
scores, defined as the difference be- 
tween the extrapolated ninth-trial 
performance in one block and the 
fitted first-trial performance in the 
next. 


(to 


determination of reminiscence 


Two differences in performance be- 
tween the first day and the last day 
of postdiscrimination (fifth panel) 
should be noted. First, the orderly 
reminiscence phenomenon occurring 
on the first day has disappeared by the 
fourth day. Secondly, 
change in level of response. 


there is a 

The aver- 
age amount of reminiscence per bird 
on Day 1 of postdiscrimination, when 
tested against the null-hypothesized 
zero, yields a ¢ of 4.19, significant for 
11 df at the .01 level. Response rate 
declined monotonically between the 
last day of discrimination and the last 
day of postdiscrimination (/ = 6.10, 
df = 4/44, P < .01). 

As outlined in the procedure, half 
of the interpolated 60-sec. rest periods 
in postdiscrimination were periods in 
which the negative stimulus was pre- 


sented ; the other half were periods in 


pecks per minute) on selected days of the training procedure 


The 
reminiscence 
over all 4 days following these two 
kinds of interpolated periods was .48 
per min. This difference 
results in a t of .09, evidence consistent 
with the hypothesis that the reminis- 
cence is due only to a low level of 
responding (rest) during the inter- 
polated periods. 


which the key was not lighted. 


average difference in 


responses 


The experiment demonstrates the oc- 
currence in the Skinner box of a number 
of the usually 
with human motor learning under con- 
ditions of massed and distributed prac- 
Che superiority of dis 
tributed practice is evident during the 


phenomena associated 


tice. general 
latter stages of discrimination training 
when Ss are relatively inactive during the 
negative periods. In the postdiscrimina- 
tion periods occur the phenomena of 
work decrement (when the work periods 
are relatively massed) and reminiscence 
In addition, the aver- 

under the 
practice regime of the postdiscrimination 
period 


following a rest. 


age performance massed 
progressively decreases relative 
to distributed performance. 
Warm-up decrement is not especially evi- 


pract ice 


dent except at the beginning of each 
day’s performance. A final similarity to 
human motor performance is the decrease 
in the amount of reminiscence as massed 
practice training proceeds. 
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SUMMARY 


Pigeons were trained in a Skinner box to 
discriminate a key with and without a figure 
projected upon it and exhibited rapid re- 
sponding to the positive stimulus and little or 
no responding to the negative. No more than 
two positives or negatives were presented 
successively. The Ss were then given se- 
quences of eight positives followed by one 
negative. The resulting performance ex- 


hibited phenomena characteristic of human 
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AXELROD 


motor learning performance under massed 
practice (warm-up decrement, temporary and 
permanent work decrement, and remi 
niscence). 
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The accumulated evidence indicates 
that in verbal learning some relatively 
high level of interference must be 
present before differences between 
massed practice (MP) and distributed 
practice (DP) will be observed. This 
law holds for differences in acquisition 
under MP and DP as well as for 
differences in retention following 
learning by MP and DP. However, 
the general statement relating inter- 
ference and DP effects must be accom- 
panied by subsidiary statements which 
relate particular DP phenomena to 
particular loci of the interference. A 
recent study (Underwood & Schulz, 
1961) indicated that DP will facilitate 
acquisition only when _ interference 
occurs in acquiring or integrating re- 
sponse terms as such; DP will have no 
influence on retention when the inter- 
ference is of this nature. On the 
other hand, when interference occurs 
in associating a response term to a 
stimulus term, DP may enhance re- 
tention but will have little effect on 
learning. It is this second subsidiary 
law with which the present experi- 
ments are concerned since these ex- 
periments explore further the condi- 
tions associated with better retention 
following DP than following MP. 

In the study noted above, Ss 
learned four paired-associate lists in 
which the stimulus terms were non- 
sense syllables and the response terms 

! This work was done under Contract Nonr- 
1228 (15), Project NR 154-057, between 
Northwestern University and the Office of 
Naval Research. 


were two-syllable adjectives. Be- 
cause of the similarity across lists 
among the syllables, interference in as- 
sociating the response terms with the 
stimulus terms increased as the num- 
ber of lists increased. Each succes- 
sive list required the learning of new 
responses to stimuli which were very 
similar to stimuli in previous lists. 
This similarity may be maximized by 
using the same stimuli in all lists in 
which case the four lists would be 
symbolized as A-B, A-C, A-D, and 
A-E. In line with the second subsi- 
diary law, if DP is given on A-E, 
learning would not be facilitated but 
retention would be; DP appears to 
reduce proactive inhibition (PI) in 
retention when interference is of this 
type. Extinction and spontaneous 
recovery were postulated to be the 
basic mechanisms which reduced PI] 
in the situation described above where 
interlist stimulus similarity was high. 
More particularly, it was assumed 
that in learning A-E the associations 
previously acquired (B, C, and D) to 
A were extinguished. Moreover, 
when A-E learning was by DP, it was 
assumed that the rest intervals al- 


lowed for some spontaneous recovery 
of the previously acquired associa- 


learning 
trials would result in the re-extinction 
of these associations. 


tions; hence, subsequent 
Finally, it was 
assumed that these successive extinc- 
tion-recovery cycles lead to a more 
permanent extinction of interfering 
tendencies under DP than under MP, 
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thus reducing PI in retention. To 
say that interfering tendencies are 
more permanently extinguished under 
DP than under MP is to say only that 
recovery will be slower and will never 
attain as high a level under DP as 
under MP. 

The major purpose of the present 
experiments is to attempt to identify 
the associations which, according to 
this theory, are more permanently ex- 
tinguished during DP than during 
MP. In an A-B, A-C paradigm it is 
possible to identify two different sets 
of associations which may be ex- 
tinguished in learning A-C. The 
most obvious set of associations which 
might be extinguished are the A-B 
associations. As S learns C to A, the 
A-B association may become extin- 
guished. These associations will here- 
after be referred to as specific S-R 
The response terms 
identify a second set of associations. 
The B response terms may be learned 
without also being associated with 
their particular verbal stimuli in the 
list. That is, response learning may 
occur independently of specific S-R 
learning. 


associations. 


For this response learning 
the stimulus may be the general en- 
vironmental situation or, as it will be 


called here, the stimulus may be a 


contextual one. In learning the A-C 
list it is possible that the associations 
between context stimuli and the B 
responses become extinguished and 
are replaced by the C_ responses. 
Thus, we may identify at least two 
kinds of associations which may be ex- 
tinguished in learning A-C following 
the learning of A-B. The experi- 
mental question asked is whether the 
extinction of both types of associa- 
tions is involved in the better reten- 
tion following DP than following MP, 
or whether the effect can be attributed 
to one or the other class of associa- 
tions. That extinction of both classes 
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of associations may occur seems to 
have been demonstrated by Barnes 
(1960). However, the relative per- 
manence of the extinction of the two 
classes of associations and the relative 
recovery rates are unknown so that it 
is quite possible that the facilitating 
effect of DP on retention may be tied 
to the extinction of one class or the 
other rather than to the joint extinc- 
tion of both classes. 

In order to separate the effects of 
extinguishing the two classes of asso- 
ciations (specific S-R and contextual 
associations) a paradigm is 
needed. This paradigm is known as 
the A-B re-paired paradigm in which 
on each successive list the same 
stimulus and response terms are used 
but the particular pairings differ from 
list to list. A study of this paradigm 
will show that in learning a second (or 
third, or fourth) list there are specific 
S-R associations which may be ex- 
tinguished. However, since the same 
responses are used in each list, no ex- 
tinction of contextual associations can 
occur, with the result that the con- 
textual stimuli should 
ciated for all lists. 


second 


remain 
Thus, when the 
A-B, A-C paradigm is posed against 
the A-B re-paired paradigm it is seen 
that both have specific S-R associa- 
which may be extinguished 
whereas only the A-B, A-C paradigm 
has contextual associations which may 
be extinguished. With these differ- 
ences in the two paradigms in mind, 
the experimental situation to be used 
may be considered. 


aSso- 


tions 


The Ss will learn four lists. In one 
case these lists will be A-B, A-C, A-D, 
A-E. In the other case there will be 
four A-B re-paired lists. To minimize 
the awkwardness in referring to these 
two paradigms the first will hereafter 
be called RD (responses different in 
each list) and the second RS (re- 
sponses same in all lists). For both 
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paradigms DP is introduced in the 
learning of the fourth lists and the 
effect of DP on retention measured by 
having other groups in which the 
fourth list is learned by MP. 

The results to be obtained in reten- 
tion following MP and DP of List 4 
for these two paradigms may demon- 
strate the need to limit application of 
the recovery-extinction theory to par- 
ticular kinds of i.e., 
either to specific S-R associations or 


associations, 
to contextual associations. This is to 
say that the empirical results may be 
used to refine the gross theory. Three 
different possible empirical effects of 
DP on retention of List 4 for the two 
paradigms may now be stated along 
with the theoretical inferences to be 
drawn given each effect. (a) Effects 
of DP may be positive and equal for 
the RD and RS paradigms. 
would be that extinction of 
specific S-R associations is responsible 
for the effect. (6) Effects 
positive for both paradigms but 
RD than for RS. The 
would be that extinction 
of both specific S-R associations and 


The con- 
clusion 


may be 


greater for 
conclusion 


contextual associations is responsible 


for the effect. (c) Effects may be 
positive for the RD paradigm with no 
effect for the RS paradigm. 
that extinction of 
contextual associations is responsible 
for the effect. 


The con- 


clusion would be 


Experiments 1 and 2 were directed 
specifically toward testing the above 
notions. Experiment 3, which deals 
with the RD paradigm, was 
designed to investigate the influence 
of a different level of learning than 
used in Exp. 1 and 2 and to make some 
initial determinations of differences in 
length of the DP interval. 


only 


METHOD 


The three experiments have many 
cedural details in common. 


pro- 


Therefore, Exp 
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1 will be described in detail followed by a 
description of the changes introduced for 
Exp. 2 and 3. 


Experiment 1 


Design.—Two parallel sets of conditions 
were used, one set being based on lists forming 
the RD paradigm and one set based on lists 
forming the RS paradigm. For each para- 
digm four lists were learned by each S. For 
the first three lists all Ss within a paradigm 
were treated alike since the learning of these 
lists was imposed merely to build up interlist 
interference. For List 4, half the Ss under 
each paradigm learned by DP (1-min 
trial interval) and half by MP (4-sec. inter- 
trial interval). Twenty-four hours after 
learning List 4, recall and relearning measures 
were obtained on it. 

Lists. 


associates. 


inter- 


Each list consisted of eight paired 
The stimulus terms 

syllables, the response 

syllable adjectives. 


were 
terms 


non- 
sense two- 
For both paradigms only 
eight syllables are needed as stimuli for the 
four lists. The sy llables used are those listed 
in Table 1 under List 1 of the previous experi- 
ment (Underwood & Schulz, 1961, p. 229 

For the RS paradigm only eight different 
response terms are needed for the four lists 
These terms were the adjectives given for 
List 1 of Table 1 in the previous study. To 
construct the lists the 
response terms were simply 


stimulus and 
re-paired ran- 
domly with the restriction that a given pairing 
occur in only one list 


four 


For the RD paradigm, 
eight different adjectives were used for each 
list, these four sets being those in Table 1 
of the aforementioned study. List 4 was 
exactly the same for Ss under both paradigms 
this list being the List 1 in Underwood and 
Schulz (1961) except, of course, in the present 
study the adjectives were response terms and 
the syllables were stimulus terms. The se- 
quence of Lists 1-3 was the same for all Ss 
within a paradigm, i.e., they were not counter- 
balanced. 

Procedure.—Lists were presented at a 2:2- 
sec. rate with anticipation learning through 
out. Each list for Ss in the RD paradigm 
was presented for 12 anticipation trials with S 
instructed to give as many correct anti ipa 
Four different 
orders of items were used for each list with 
each order being used as a start order about 
equally often. Lists 1 and 2 were presented 
on Day 1; Lists 3 and 4 on Day 2, and 5 re- 
learning trials were given on List 4 on Day 3, 
24 hr. after Day 2. 


tions as possible on each trial 


Relearning was by MP 
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for Exp. 1. 


for all groups. Approximately 30 sec. elapsed 
between the learning of the two lists on a 
given day. The DP intervals on List 4 were 
introduced after each trial and were filled with 
symbol cancellation. The procedures for Ss 
in the RS paradigm were exactly the same as 
for those outlined above except that 15 
anticipation trials were given on each list. 
Since the RS paradigm produces more 
interference than the RD paradigm, 15 trials 
were used for the RS paradigm (as compared 
with 12 for the RD) in order to make the 
level of learning under the two paradigms 
roughly comparable. 


The Ss were all college students, 
and, while all were not naive to 
verbal-learning experiments, none had 
previously learned syllable-adjective 
pairs. For the RD paradigm 32 Ss 
learned List 4 by DP and 32 by MP. 
For the RS paradigm there were 30 Ss 
in each group. 


Experiment 2 


As in Exp. 1, both paradigms were 
studied. The changes from Exp. 1 
were as follows: (a) Lists 1-3 were 
given on Day 1, List 4 was given on 
Day 2, and List 4 was relearned for 5 
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trials on Day 3, 24 hr. after Day 2. 
(b) Under both paradigms 12 anticipa- 
tion trials were given on all lists. 
(c) MP was 4 sec. between trials while 
DP consisted of a 3-min. interval after 
Trials 1, 3, 5, 7, 9, and 11. (d) All 
four groups (MP and DP groups for 
each paradigm) had 32 Ss. 


Experiment 3 


In Exp. 3 only the RD paradigm 
was studied. All four lists were pre- 
sented during a single session but each 
was presented for only 5 anticipation 
trials. Three groups of 25 Ss each 
were used, the groups being differ- 
entiated only by the intertrial interval 
on List 4. One group had the usual 
MP (4-sec. intertrial interval), a 
second had 60 sec. between trials, and 
a third had 180 sec. between trials. 
Again List 4 was given 5 relearning 
trials 24 hr. after original learning. 


RESULTS 


Experiment 1.—The equivalence of 
the learning ability of the two groups 
of Ss within each paradigm can be 
gauged by the learning scores for Lists 
1—3 since the conditions were identical 


for all Ss for these lists. For the RD 
paradigm, the mean total correct an- 
ticipations for Lists 1-3 in order for 
the MP Ss were 64.09, 64.00, and 
72.31. For the DP Ss the correspond- 
ing values were 63.38, 63.53, 
73.03. For the RS paradigm the 
values for the MP Ss were 79.57, 
80.67, and 76.73 and for the DP Ss, 
78.40, 80.53, and 75.23. 

The acquisition and _ relearning 
curves for Ss in both paradigms for 
List 4 are shown in Fig. 1. For both 
paradigms learning is somewhat slower 
under DP than under MP;; this is true 
throughout the 15 trials for RS lists 
and for the initial part of learning for 
the RD lists. This finding confirms 


and 
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that of an earlier study (Underwood 
& Schulz, 1961) and also conforms 
to the extinction theory in that the 
DP interval should allow interfering 
associations to recover, thus impeding 
acquisition. 

Looking next at the recall trial it 
can be seen that for the RS paradigm 
recall is almost identical for both MP 
and DP. The slight difference in the 
relearning curves in favor of MP 
probably reflects the small difference 
present in original learning. It must 
be concluded that DP does not 
facilitate retention of lists forming the 
RS paradigm. For the RD paradigm, 
however, recall is better under DP 
than under MP. The exact values 
are 2.59 for MP and 3.66 for DP 
(¢ = 2.28, .05 > P > .02). If loss 
scores are used as described in the pre- 
vious study (Underwood & Schulz, 
1961, p. 231-232), in order to adjust for 
any differences in original learning, the 
evaluation does not change (¢ = 2.32). 
It is concluded that DP in the RD 
paradigm facilitates recall after 24 hr. 
The effect, however, is very transitory 
since no difference in the subsequent 
four relearning trials is evident. 

Certain expectations concerning 
overt errors follow from the extinction 
hypothesis. First, more intrusions 
from previous lists should occur in 
learning List 4 under DP than under 
MP. _ In the RS paradigm, the defini- 
tion of an intrusion is somewhat ambi- 
guous since the same responses Occur 
in all lists. However, the nearest 
approximation would be to consider 
only responses given to a stimulus 
with which that response had been 
paired in previous lists. Approxi- 
mately two-thirds of all errors made 
in learning List 4 were of this nature. 
And, while more of these (a total of 
387) occurred under DP than under 
MP (347), statistically speaking, the 
difference is far from significant. For 
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the RD paradigm, 13 responses from 
List 1-3 occurred in learning List 4 
under DP, and 7 under MP. While 
this difference is in accordance with 
the theory, the numbers are so small 
that little should be made of the 
effect. 

A second expectation from the 
theory is that fewer intrusions should 
occur in relearning following DP than 
following MP. For the RS paradigm 
132 intrusions (as per the definition 
given above) occurred in relearning 
following MP and 138 following DP. 
Clearly, there is no evidence in this 
paradigm of a more permanent ex- 
tinction occurring under DP than 
under MP. For the RD paradigm, 
44 intrusions occurred during relearn- 
ing following MP and 24 following 
DP. These data are in conformance 
with the theory. 

Experiment 2.—\n this experiment, 
Lists 1-3 were learned on Day 1 with 
List 4 being learned on Day 2, and 
the DP interval for List 4 was 3 min. 
after every other trial. 

In learning Lists 1-3 the mean total 
correct responses for the MP Ss in the 
RD paradigm were 74.59, 69.53, and 
74.13. For the DP Ss the correspond- 
ing values were 69.78, 64.34, and 
73.13. The MP Ss learning the RS 
lists showed means of 68.38, 60.97, 
and 67.00, while the comparable 
values for the DP Ss were 69.13, 56.56, 
and 64.25. Thus, the two groups 
within each paradigm are fairly com- 
parable in learning ability. 


The performances in learning and 
relearning List 4 are plotted in Fig. 2. 
Again the Ss learning RD List 4 under 


DP show inferior performance to 
those learning under MP. For the 
RS paradigm, the picture is a little 
different. After nearly every rest 
interval the DP Ss show inferior 
performance to the MP Ss but on the 
immediately succeeding trial the per- 
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for Exp. 2. 


formance of the two groups is es- 
sentially equivalent. Thus, while the 
rest interval appears to inhibit per- 
formance, the overall learning rate 
does not appear to be seriously im- 
paired. 

The recall of the DP Ss under the 
RD paradigm is again superior to the 
MP Ss. The mean values are 3.13 for 
MP Ss and 4.53 for the DP Ss 
(¢ = 3.11, P< 01). Clearly, DP 
facilitates recall of the fourth list for 
this paradigm. The DP Ss are also 
superior to the MP Ss for the first four 
trials of relearning. However, the 
difference the five trials in 
terms of mean total correct responses 
(1.85) is not significant (¢ = 1.37). 

For Ss learning List 4 of the RS 
paradigm no difference of consequence 
is apparent in recall and relearning. 
While recall favors the DP Ss, the 


difference of .11 items gives a ¢ of only 
»? 


across 


Thus, as in Exp. 1, it is seen 
that recall of List 4 is facilitated in the 
RD paradigm and no appreciable 
effect is noted for the RS paradigm. 
No difference of consequence in 
number of intrusions in learning under 
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MP and DP for the RS paradigm was 
noted ; the same was true for relearn- 
ing. For the RD paradigm 13 in- 
trusions were recorded for the MP Ss 
learning List 4 and 9 for the DP Ss. 
In this case the difference is in the 
opposite direction from the difference 
found in Exp. 1 and is not in accord- 
ance with extinction theory. For re- 
learning, however, MP Ss made 55 
intrusions and DP Ss, 28, which, as in 
Exp. 1, is in line with expectations 
from the theory. 

Experiment 3. 
only the 


In this experiment 
RD paradigm was used. 
Lists 1-4 were presented for five 
acquisition trials each, with three 
subgroups of 25 Ss each having 4, 60, 
or 180 sec. as the intertrial interval 
on List 4. The mean total correct 
responses given on Lists 1-3 by the 
4-sec. Ss were 17.76, 14.92, and 19.52, 
respectively. The comparable scores 
for the 60-sec. Ss were 17.80, 14.92, 
and 20.28, and for the 180-sec. Ss, 
17.88, 14.96, and 21.32. 

The learning and relearning curves 
for List 4 for the three groups are 
shown in Fig. 3. Again it is to be 
noted that during learning the per- 
formance of the two DP groups is 
inferior to that of the MP group. 
Both DP curves are consistently lower 
than the MP curve throughout the 
five trials. Again, however, the dif- 
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ferences are just short of significance 
at P= .05 (F=2.91, df = 2/72). 
Nevertheless, in view of the fact that 
for this paradigm DP has been con- 
sistently inferior to MP in learning in 
all three experiments, the inhibitory 
effect may be taken to be reliable. 

The mean number of responses cor- 
rectly recalled after 24 hr. were 1.20, 
2.04, and 2.12 for 4, 60, and 180 sec., 
respectively (F = 1.95, df = 2/72, 
P > .05). However, it seems clear 
that adjustments must be made to 
compensate for differences in level of 
learning originally attained by the 
three groups. When this adjustment 
is made by the method noted in the 
earlier paper (Underwood & Schulz, 
1961), the F becomes 21.40 (df =2/72, 
P < .001). Therefore, it may again 
be concluded that for the RD para- 
digm distributed practice reduces PI 
in retention. 


In the results of Exp. 1 and 2 it was 
noted that the facilitation in retention 
for the RD paradigm produced by DP 


was largely limited to the first recall 
trial. In the present data the effect 
is much less transitory ; in spite of the 
fact that MP Ss were appreciably 
better in learning, all groups are about 
equal in relearning. This effect of 
DP on relearning may be estimated bv 
subtracting for each S the number of 
correct responses given on the five 
learning trials from the number of 
correct responses given on the five re- 
learning trials. The means for these 
differences were 2.16, 7.84, and 9.20 
for the 4-, 60-, and 180-sec. Ss, re- 
spectively. The F (12.60) is beyond 
the .01 level. The potency of the PI 
effects on the MP Ss can be further 
described by noting that of the 25 Ss, 
11 showed performance in relearning 
which was inferior to that shown 
during learning. By the same token 
the reduction in PI effects produced 
by DP can be seen by noting that 
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only one of the 60-sec. Ss performed 
more poorly in relearning than in 
learning and none of the 180-sec. Ss 
performed so. 

In learning List 4 the 4-sec. Ss gave 
7 intrusions, i.e., responses which were 
appropriate for an earlier list. The 
60-sec. Ss gave 32 such responses and 
the 180-sec. Ss gave 11. In the 4-sec. 
condition all 7 intrusions were given 
by a single S, whereas 16 Ss gave 
intrusions under the 60-sec. condition 
and 4 under the 180-sec. condition. 
Thus, while more intrusions were 
made under the DP conditions than 
under the MP condition, the fact that 
the 60-sec. Ss gave more intrusions 
than did the 180-sec. Ss would not be 
anticipated by the hy- 
pothesis. 

The intrusions during relearning 
totaled 34, 33, and 25, for the 4-, 60-, 
and 180-sec. Ss, respectively. The 
theory predicts more intrusions for 
MP Ss than for DP Ss. While the 
values indicate this to be the case the 
differences are so small that they do 
not allow any strong support for this 
aspect of the theory. 


extinction 


DISCUSSION 


The results of Exp. 1 and 2 will be 
evaluated first. The basic findings were 
as follows. When Ss learn four lists 
with the RS paradigm, DP on List 4 does 
not facilitate the 24-hr. retention of this 
list. But, when Ss learn four lists with 
the RD paradigm, the retention of List 4 
is facilitated by learning the list under 
DP conditions. In terms of the argu- 
ment advanced in the introduction, the 
implication of these facts is that reten- 
tion of a list learned by DP is facilitated 
only when the paradigm allows extinc 
tion of contextual associations (associa- 
tions between the general environment 
and the response terms). Both para- 
digms studied allow, presumably, extinc- 
tion of specific S-R associations but only 
the RD paradigm allows for extinction 





362 B. J. 


of contextual associations. Thus, the 
notion that DP, by allowing for succes- 
sive recovery-extinction cycles, leads to 
a more permanent extinction of interfer- 
ing tendencies appears to be supported 
for contextual associations only. 

The question may be raised as to why 
the successive-extinction hypothesis is 
not supported in the case of specific S-R 
associations in view of the fact that the 
extinction of such associations seems to 
have been demonstrated (Barnes, 1960; 
Barnes & Underwood, 1959). One pos- 
sibility is that recovery of such associa- 
tions occurs very slowly; thus, the short 
DP intervals used here may not in fact 
allow for recovery-extinction cycles. 
And in fact there is evidence (e.g., Briggs, 
1954) that recovery of such associations 
is indeed very slow. A barrier to the 
acceptance of this position is the fact 
that in learning List 4 in the RS para- 
digm there was evidence for some process 
which was impeding performance under 
DP. It is reasonable to think that this 
could represent the recovery of error 
tendencies of some sort. Yet, it is pos- 


sible that the interference which appears 


to increase with DP of List 4 in both 
paradigms is not representative nor 
symptomatic of the process which pro- 
duces the better retention following DP 
of List 4 under the RD paradigm. The 
inconsistency from experiment to ex- 
periment of the differences in intrusion 
frequency between MP and DP on List 4 
might argue for such a position. There- 
fore, although slower learning of List 4 
by DP than by MP is consistent with an 
extinction hypothesis, the slower learning 
need not necessarily be taken to mean 
that better retention occurs as a con- 
sequence. 

Empirically speaking, there is a rela- 
tively simple principle which may be 
stated which will summarize the situa- 
tions in which DP may be expected to 
facilitate retention. As noted in the 
introduction, to expect any facilitation in 
retention by DP during learning requires 
first that appreciable interlist interfer- 
ence be present. Given this situation, 
the principle is that whenever the re- 
sponse terms of the previously learned 
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associations producing the interference 
are not present in the list being learned, 
DP will facilitate the retention of the list. 
This empirical induction not only con- 
forms to the paradigms and findings of 
the present experiments but also will 
handle other findings. For example, 
when there is high intralist similarity 
among syllables within a list, no effect on 
retention is noted if the list is learned by 
DP (Underwood & Richardson, 1958). 
The interference falling on a _ given 
association in this situation is caused by 
letter sequences which are appropriate or 
correct for other associations in the list; 
that is, the response units of the associa- 
tions producing the interference are cor- 
rect for other itemsin the list. The same 
situation holds for the RS paradigm in 
the present studies. To account for this 
empirical generalization—the generaliza- 
tion that DP will facilitate retention only 
when the response terms for the associa- 
tions producing the interference are not 
in the list being learned—we have used 
the notion of recovery-extinction cycles 
leading to a more permanent extinction 
of contextual associations. 

Why these contextual associations 
“behave” differently than other associa- 
tions (e.g., specific S-R associations) is 
not known. Of course, it should be 
remembered that the present experiments 
have only scratched the surface in terms 
of studying what appear to be the 
relevant variables and their interaction. 
Degree of learning of the interfering lists, 
degree of learning of the list being inter 
fered with and to be recalled, length of 
DP interval, and length of retention 
interval, all should be pertinent variables. 
Clearly they are pertinent in terms of the 
extinction-recovery theory but they un- 
doubtedly would also be judged to be of 
importance by any careful 
analysis. 

The final point of discussion concerns 
the results of Exp. 3. In this experiment 
the RD paradigm was used and, in 
conformance with the results of Exp. 1 
and 2 with this paradigm, facilitation in 
retention of List 4 was observed following 
learning by DP. The effects on reten- 
tion were rather substantial in that 


empirical 
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relearning was enhanced following DP. 
Clearly, PI was reduced by DP. It had 
been expected that the 3-min. DP in- 
terval would produce more facilitation 
than would the 1-min. DP interval. 
There was no strong evidence of differ- 
ences in the effect of these two conditions. 
It is true that relearning was a little 
better following a 3-min. DP interval 
than following the 1-min. interval. 
Also, analyses of particular items showed 
that items having the greatest number 
of correct anticipations at the end of 
learning of List 4 produced higher re- 
call following 3-min. DP than following 
1-min. DP. Still, the effects were not as 
great as anticipated. In terms of the 
extinction-recovery notion, it might be 
argued that 1 min. was sufficient for the 
recovery of all interfering tendencies for 
the relatively low degree of learning of 
the interfering lists used. If this is true, 
a more direct relationship between re- 
tention and length of intertrial interval 
would be expected if the degree of learn- 
ing of the interfering associations were 
higher. A comparison of the results for 
the RD paradigm of Exp. 1 and 2 would 
tend to support this notion. In these 
experiments the degree of learning of 
the interfering associations was much 
stronger than in Exp. 3. The 3-min. 
interval of Exp. 2 gave somewhat greater 
facilitation in retention than did the 60- 
sec. DP interval used in Exp. 1. How- 
ever, this is by no means a clear test 
since other factors also varied between 
the two experiments. In any event, 
some conviction is held for the notion that 


in most situations a direct relationship 
between length of intertrial interval and 
facilitation in retention will be found. 


* 


SUMMARY 


Three experiments were performed to 
study retention following massed (MP) and 
distributed practice (DP) when _interlist 
interference was high. In Exp. 1 and 2 half 
the Ss learned four lists of paired associates 


(syllable-adjective pairs) in which the stimuli 
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were identical across all lists but with the 
responses different in each list (RD para- 
digm). The other Ss learned four lists in 
which the stimuli and responses were identical 
across all lists but with different pairings for 
each list (RS paradigm). Distributed prac- 
tice was introduced in learning List 4 with 
retention of this list measured after 24 hr. 
In Exp. 1, the DP interval was 60 sec. between 
each trial while in Exp. 2 the interval was 
3 min. after every other trial; MP consisted 
of 4 sec. between trials for both experiments. 

The results were essentially the same for 
Exp. 1 and 2; DP facilitated recall of List 4 
only for the RD paradigm. These findings 
indicate that DP will facilitate retention only 
when the response terms of previously ac- 
quired associations producing the interference 
are not present in the list being learned by 
DP. Theoretically, the results imply that 
DP allows for a more permanent extinction of 
contextual associations but does not influence 
specific S-R associations. 

Experiment 3 used only the RD paradigm 
with a low degree of learning of all four lists 
and with intertrial intervals of 4, 60, and 180 
sec.on List4. Distributed practice markedly 
facilitated both recall and relearning of 
List 4. However, no appreciable difference 
was noted in the results for the 60- and 180- 
sec. intervals. 
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RESPONSE SIMILARITY 
IN PROACTIVE 


INHIBITION ! 
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It has generally been supposed that 
interlist response similarity is an im- 
portant determinant of interlist inter- 
ference. However, while variations 
in response similarity have several 
times been shown to affect retroactive 
inhibition (RI) (Slamecka & Ceraso, 
1960), effects of interlist similarity on 
proactive inhibition in retention (PI) 
have not yet been demonstrated. 
Young (1955) failed to find significant 
differences in PI as a function of 
response similarity, although he did 
find the expected differences in RI. 
Similar findings with respect to PI 
were reported by Morgan and Under- 
wood (1950), the only significant PI 
in their study resulting from the use of 
identical stimuli dissimilar re- 
sponses. In each of the 
mentioned, however, there was an 
insignificant trend suggesting an effect 
similar to that generally found in RI; 
i.e., recall improved as_ response 
similarity increased. This trend was 
directly opposed to the differences 
predicted by Young (1955), who sup- 
posed that as response similarity 
increased, greater generalized strength 
would be added to List 1, increasing 


and 
studies 


its potential for interfering with List 2 
recall. 


‘This paper is based upon a dissertation 
submitted in partial fulfillment of the re- 
quirements for the PhD degree at the Uni- 
versity of California. The author is grateful 
to Leo Postman for his enthusiastic advice and 
encouragement at all stages of the research. 
At the time, the author was a National In- 
stitute of Mental Health Predoctoral Re- 
search Fellow, on Fellowship MF 12-379. 

2 Now at 
\ngeles 


University of California, Los 


Recently, Barnes and Underwood 
(1959) have proposed separate mech- 
anisms for the learning of similar and 
dissimilar responses in List 2, When 
the responses in List 2 are dissimilar 
to those on List 1 (with identical 
stimuli: A-B, A-C), List 1 responses 
are unlearned during List 2 learning; 
while with similar responses, it is 
suggested that S makes use of the 
List 1 response as a mediator. Thus, 


in learning A-B’ after A-B, S is as- 
sumed to be learning A-(B)-B’, al- 
though Ss report the dropping-out of 
the mediator as learning progresses. 
Accepting Barnes and Underwood's 
analysis, and assuming that PI results 
from the response competition pro- 


duced when unlearned List 1 responses 
spontaneously recover in strength, one 
might be led to expect considerable 
PI in the A-B, A-C paradigm, but 
little or no PI in the case of A-B, A-B’ 
(Postman, 1961). This analysis can 
readily be extended to intermediate 
degrees of response similarity by as- 
suming that as response similarity 
increases from dissimilarity, unlearn- 
ing gradually gives way to mediation. 
In this way, the data of Morgan and 
Underwood (1950) and 
(1955) can be explained. 


of Young 


However, we do not know that the 
unlearning-and-recovery sequence is 
the only mechanism involved in PI. 
It is possible, for example, that 
similar responses may lead to loss 
of differentiation (Underwood, 1945) 
with the passage of time. Thus, Ss 
may recall both responses, but may 
not remember which response belongs 
in List 2. One might, on the other 
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hand, expect proactive facilitation if 
the List 1 mediator protects List 2 
responses from the extraexperimental 
interference to which a control group 
may be subject. These possibilities 
hold for delayed recall only, little PI 
being expected at short intervals in 
any case. Indeed, since Pl appears 
to increase with time, it would seem 
advisable to investigate the effects of 
response similarity on PI using reten- 
tion intervals considerably longer than 
the retention intervals em- 
ployed by both Morgan and Under- 
wood (1950), and Young (1955). 

In the experiment to be reported, 
independent groups of Ss learned two 
lists with identical stimuli (S;) and 
highly similar (S;R,), similar 
(S;:R2) or dissimilar (S;Ry) responses, 
different Ss being tested for recall of 
List 2 either 30 sec. or 48 hr. after 
learning. In 


20-min. 


less 


addition, 30-sec. and 
48-hr. groups were tested under each 
_of two control conditions: (a) the 
standard PI control group, having no 
first list (No PL), and (b) a group 
having dissimilar stimuli and_ re- 
sponses on the two (Sx Ry). 
This second control condition served 
as a control for warm-up and learning- 
to-learn effects in the learning of List 
2, and also was intended to sample the 
low-similarity end of the continuum 


lists 


of stimulus similarity. 


METHOD 
Material 


as responses were from 
1949 Subjects in all 
learned the same List 2 
given word on List 2, 
three different first as to be highh 
similar (R,), less highly similar (Re), or dis 
similar (Rx) to the List 2 word rhe R; and 
Re» lists had mean Haagen similarities of 1.40 
and 3.36, respectively 


and apparatu The words used 


chosen Haagen’s 
norms conditions 
Corresponding to a 
words were chosen fo 


lists so 


Che Ry list was made 
up of Haagen words not in the same category 
as the corresponding List 2 response In 


addition, an attempt was made to match 


corresponding words for familiarity using 
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rABLE 1 


RESPONSES USED IN THE EXPERIMENT 


R 


AGILE 
BELOVED 
COMPLI 
CRAFTY 
DISTANT 
DECEASED 
FRUITFt 


NIMBLI 
CHERISHED 


Haagen's norms, and for frequency of usage 

Chorndike 
three é 
List 2, or 


using the Lorge magazine count 
& Lorge, 1944). Thus, the 
List 1 responses, as well as the 
“standard”’ 


set, were matched both in mean 
frequency and familiarity and in 
and familiarity of corresponding words. The 
responses are presented in Table 1 

rhe stimuli CVC 
100°, Glaze association values 
1951) 


so as to minimize 


Irequency 


were trigrams of 93 
Hilgard 
Iwo sets of 12 trigrams were selected 
both interlist and intralist 
similarity. Only i did syl 
lables on the ists have two letters i 
common, and within each list there 
repetitions of letters 


two instances 


n 
two | 


were 16 


combined i 
making a total of 20 
Each list was presented in four differ 


Stimuli and responses were 
four different pairings, 
lists 
ent orders. The lists were presented on a 
Phipps and Bird memory drum at a 2:3 se 
rate, with 6 sec 


Procedure. 


between trials 


Subjects were seated before 


the memory drum and read standard paired- 


associate learning instructions. On the firs 
each list they 
quired to respond, but on subsequent pres 
they ged to trv to 
anticipate as many of the words as possible, 
ind it that 
penalty for guessing List 1 
sented The list was changed 
and S was told that he was to learn List 2 “ir 


presentation ol were not re 


entations were encour 


was made clear there was no 
was then pre 
nine times 
the same way Che change of li 
30—40 sec Nine 


Following List 2, 


sts required 
trials were given on List 2 
30-sec Ss were encouraged 
to stretch their legs for a few seconds 
approximately 


ilter 
15 sec instructions for rec ill 
were given them Those Ss assigned to th 
$8-hr. recall groups were told to return in 2 
days for the “ 


The ree 


second hour of the experiment 
ill instructions differed slight! 
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wording for the 30-sec. and 48-hr. groups. 
For each condition, however, it was empha- 
sized that they were to recall the second list, 
and that they should begin with the very first 
syllable they saw. The differences in wording 
were minor, consisting mainly of greater 
emphasis on the fact that List 2 was in 
question for the 48-hr. Ss, and presentation of 
the task as involving possible effects of a 
“brief pause’’ for the 30-sec. Ss. 
Subjects—The Ss were students from the 
introductory course in psychology at the 
University of California. They participated 
in order to fulfill a course requirement, and 
were naive with respect to verbal learning. 
They were assigned to conditions at random 
prior to their appearance, except that 30-sec. 
and 48-hr. Ss were tested in alternation. 
Since the experiment was concerned with 
the effects of List 1, it was felt advisable to 
discard Ss who did not meet a minimal 
criterion of List 1 learning within the nine 
trials allowed. On the basis of the pilot Ss, 
it was decided to discard Ss who had not 
achieved at least five correct anticipations on 
any trial. Seven Ss were dropped for not 
reaching this criterion. An additional 9 Ss 
were dropped for failure to follow instructions; 
6 of these admitted not trying to anticipate 
overtly on early trials, 2 were attempting to 
learn serial order, and 1 did not anticipate 
items which had previously been correctly 
anticipated. While these failures to follow 
instructions may simply result from the Ss in 
question being slow learners, they could 


TABLE 2 


CoRRECT RESPONSES AND ERRORS 
IN List 2 LEARNING 


Correct 
Anticipations | Intra- | Inter- 
Condition list list 
Errors | Errors 


Mean 
47.08 
41.25 


| 69.08 
68.00 


65.42 


— 


Nu mh | 


_— 


77.08 
78.67 | 


. DALLETT 


MEAN CORRECT ANTICIPATIONS 








Fic. 1. List 2 learning curves. 


usually do quite well when the instructions 
were explained to them. An additional 3 Ss 
were dropped for E error or apparatus failure. 
The number of Ss discarded for any one of the 
above reasons in any one similarity condition 
(pooling 30-sec. and 48-hr. groups) did not 
exceed 3. A total of 120 Ss, 12 in each of the 
10 groups, was retained. 


RESULTS 


List 1 learning—An analysis of 
variance of total correct anticipations 
for the eight anticipation trials of 
List 1 revealed no differences signifi- 
cant at the .05 level. A_ similar 
analysis of intralist errors also re- 
vealed no differences. The mean of 
total correct anticipations for all 
groups combined was 49.95, with SDs 
ranging from 11.37 to 18.21. For 
intralist errors, the mean was 8.22, 
with SDs from 2.47 to 7.44. The 
groups with high response similarity 
(S;R1) made a total of seven interlist 
errors (words scheduled to appear in 
List 2) before ever having seen List 2. 

List 2 learning.—An analysis of 
variance of total correct anticipations 
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similar to that employed for List 1 
learning was carried out. Groups 
scheduled for 30-sec. and 48-hr. recall, 
not yet differentially treated, did not 
differ significantly from one another. 
There were significant differences 
among the groups as a function of 
interlist similarity (F = 23.738, 
df = 4/110, P < .005), and these 
differences, while small, were in the 
expected direction (Table 2). All 
groups showed net positive transfer 
with respect to the group with no PL. 
The S:Rw groups, while showing posi- 
tive transfer with respect to No PL, 
were slightly inferior to the SyRw 
groups. This is in agreement with 
several recent studies which have 
shown that S;Ry may produce nega- 
tive transfer only with respect to a 
group with equivalent warm-up and 
learning-to-learn experience (e.g., 
Besch & Reynolds, 1958; Spiker & 
Holton, 1958). Examination of the 
learning curves (Fig. 1) indicates that 
after the nine trials, all groups with 
prior learning are within one correct 
anticipation of one another, while the 
No PL Ss reached a criterion com- 
parable to that reached by the other 
groups on List 1. 

Since differences were found among 
groups in correct anticipations, all 
error measures were corrected for 
opportunity. The total number of 
intralist errors for each S was ex- 
pressed as a proportion of that S’s 
opportunities for error: each stimulus 
presentation not resulting in a correct 
anticipation was considered one such 
opportunity. The resulting propor- 
tions were submitted to an arc-sine 
transformation, and an analysis of 
variance was carried out. No sig- 
nificant differences in intralist errors 
were found. In the case of interlist 
errors, which were extremely infre- 
quent in all groups except those with 
similar responses (S;Ri, S:R:2), the 
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total number of such errors was 
expressed as a proportion of total 
opportunities for each group. These 
data are presented as percentages in 
Table 2: the percentages, when plot- 
ted against decreasing interlist simi- 
larity, yield decreasing regular func- 
tions, with the 30-sec. groups closely 
paralleling the 48-hr. groups. A 
similar gradient results from plotting 
the number of Ss making at least one 
interlist error. In the Ry, groups, 
21/24 Ss made at least one interlist 
error, while in the Re groups 12/24 Ss 
made such errors, and in the S;Ry 
groups only 5/24 Ss made interlist 
errors. 

Recall.—In the evaluation of List 2 
recall, two methods of estimating 
differences attributable to differences 
in List 2 learning have been used. In 
one, the 30-sec. recall test is used to 
estimate the strength of List 2 at the 
end of learning: any difference be- 
tween 30-sec. and 48-hr. recall scores 
is attributable to the differential time 
of testing. A similar estimate results 
from the other method used, the 
successive probability analysis (Un- 
derwood, 1954, 1956 unpublished*). 
These methods do not allow one 
to say whether groups which have 
attained different criteria forget differ- 
ent amounts because of the experi- 
mental treatment, or simply because 
differential amounts of loss are char- 
acteristic of different criteria. The 
ambiguity resulting from different 
groups having different performance 
levels at the end of learning arises 
primarily with respect to comparisons 
of the group having no PL with the 
other groups, the No PL Ss having 
ended List 2 learning at a lower level 
of performance. However, there is 
no pressing reason to suppose that Ss 


* Unpublished manuscript by B. J. Under- 
wood entitled, “Strength of association and 
forgetting.” 
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TABLE 3 


RESPONSES AND ERRORS 
IN RECALL 


CORRECT 


Correct 
Anticipations Inter 

list 
Errors 


Intra 
list 
Errors 

Mean F . 


Condition 


8.66 
6.17 


16.2 
9.3 


11.00 ; 8.3 
7.42 6.4 


0.0 
0.0 


0.0 


10.0 
5 | 10.0 


9.6 
11.1 


19.2 
18.4 


who have reached a lower criterion 
would ordinarily forget less than Ss 
who have reached a higher criterion, 
which appears to have been the case 
in these data. 

Turning first to the comparison of 
30-sec. and 48-hr. recall, an analysis 
of variance revealed that the inter- 
action of retention interval and condi- 
tions was significant at the .05 level 
(F = 2.822, df = 4/110). 
effects of Conditions (F 
df = 4/110) and Retention 

k 93.04, df = 1/110) were also 
significant, indicating merely that 
different conditions performed differ- 
ently in retention (as in learning), and 
that forgetting occurred. 


The main 
3.053, 
Interval 


The mean 
recall scores are presented in Table 3. 
They suggest that a good part of the 
significant interaction may be due to 
the fact that the loss in S;Rw is larger 
than the other group. 
When the interaction is partitioned, 
S:Rx accounts for most of the vari- 
ance, the difference among the other 
groups in 
significant. 


loss in any 


amount lost being in- 


For the successive probability anal- 
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the probability of a correct 
response on Trial 9 following 1, 2, 
7 correct anticipations on Trials 2-8 
was obtained for each condition, using 
the combined learning data of the 30- 
sec. and 48-hr. groups. Since the 
probability of a correct anticipation 
following seven correct anticipations 
was .95 or better in all groups, the 
probability of a correct response fol- 
lowing eight correct anticipations was 
assigned an arbitrary value of 1.00. 
Loss scores were obtained for each 
48-hr. S individually, by computing 
an expected recall score on the basis 
of the probability analysis, and sub- 
tracting from this value the obtained 
recall. These loss scores (Table 4) 
were subjected to analysis of 
variance which confirmed the results 
of the first raw recall 
scores. The conditions differ in 
amount lost (/ = 4.53, df = 4/55, 
P < .01), and the differential loss 
appears to result mainly from the 
greater loss in Cond. S;Ry, with no 
difference among the other groups. 
The logic of the experiment, however, 
justifies one selected comparison be- 
tween the No PL control group and 
the other groups (with S;Ry ex- 
cluded). This difference is significant 
at the .05 level (F = 4.868, df = 1 
but since it is a selected comparison, 
one would probably insist upon sig- 
nificance at the .01 level better 
Finally, a test described by Snedecor 
(1957, p. 251) which allows for the 


ysis, 


all 


analysis of 


55), 


or 


TABLE 4 


MEANS AND SDs OF EXPECTED RECALL, 
BASED ON PROBABILITY ANALYsIS, 
Minus OBTAINED RECALI 


Condition 
Measure 
No PL | SyRw 


SiRwn S1R2 


4.06 
1.97 


6.05 
2.98 


3.88 
1.39 


Mean | 2.61 
SD 1.31 
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change in probabilities attendant upon 
repeated testing of selected groups 
also indicated that the only significant 
difference in the loss scores is between 
SiRy and the other groups. 

Thus, only in Cond. S;Ry has PI 
been demonstrated. This finding is 
the same as that reported by Morgan 
and Underwood (1950) with 20-min. 
recall. 

Intralist and interlist errors.—Since 
errors were not considered to be fre- 
quent to justify correcting 
each S’s errors, total errors of each 
kind for each group of Ss were ex- 
pressed as a proportion of total 
opportunities for that group. As in 
learning, there does not seem to be any 
obvious systematic relationship be- 
tween intralist errors and recall. 


enough 


Interlist errors as a percentage of 
opportunity increase from 30 sec. to 
48 hr. for S;Ry (Table 3) while the 
two groups with similar 
manifest the same percentage of inter- 
list errors in the two recall tests. The 
SxRy groups made no interlist errors 
in recall. Since 48-hr. recall 
were lower than 30-sec. recall scores, 


responses 


scores 


S;Rx, S:Re, and S;R; all showed an 
increase in the absolute frequencies of 
interlist errors, but only in S;Ry was 
this increase out of proportion to the 
increase in Opportunities for error. 
Transfer and recall as a function of 
item strength—tIn the 
presented, the measures employed 
represented an each S's 
performance on 12 items. It is as- 
sumed that such scores indicate what 
is going on in the learning and recall 
of individual items. However, few 
analyses in terms of individual items 
have been reported (Runquist, 1957). 
The procedure followed in this experi- 
ment, of giving a fixed number of 
trials on list, is particularly 
suited to the analysis of item strength, 
since an item with a relatively 


analyses just 


average of 


each 


large 
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number of correct anticipations (‘‘re- 
inforcements’’) is likely to have high 
strength regardless of whether this 
strength is the result of its being an 
easy item or the result of its being 
learned by a fast learner. This state 
of affairs should be contrasted with 
the situation encountered when Ss 
learn to criterion. Here, a_ high 
number of reinforcements may indi- 
cate an item or a slow learnet 
Since a slow learner may be assumed 
to gain associative strength 
per reinforcement (Underwood, 1954) 
there is a confounding of two factors 
(slow learners and easy items) with 
opposed effects. Runquist (1957) at- 
tempted to reduce this confounding 
by ranking items within Ss. Here, no 
such procedure was felt to be neces- 
sary. Not only do the ability of the 
learner and the ease of the item work 
in the same way, but an examination 
of the data revealed that each S 
covered a considerable range of item 
strengths, with no overwhelming tend- 
ency for any one S to contribute only 
weak, or only strong, items 


easy 


less 


In preparing Fig. 2 and 3, the num- 


ber of correct anticipations of an item 
in List 1 learning was taken as a 
direct measure of that 
strength, the successive prob- 
ability analysis was used to adjust for 
List 2 strength. All 


item’s List 1 
and 


curves were 


smoothed by the use of three-point 
moving averages: the 0 and 8 data are 
based on averages of two points. 


Each of the figures presents recall 
data as a function of the strength of 
corresponding items on List 1. A 
corresponding item, for most groups, 
was the item with the same stimulus. 
For Cond. SxyRx, the correspondence 
is formal, and reflects (a) minor differ- 
ences in word frequency, minimized 
for corresponding words, and (b) com- 
mon relative serial positions in the 
four presentation orders 
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List 2 


ITEMS LOST, 








i 23 4 
Reinf on Corresponding List-! Item 


Fic. 2. Recall losses after 48 hr. as a 
function of List 1 strength. 


Figure 2 shows the losses (obtained 
recall subtracted from the prediction 
of the probability analysis) in terms 
of the number of items lost. Figure 3 
shows percentages of recall, obtained 
by dividing observed by predicted 
recall and multiplying by 100. There 
are no a priori reasons for supposing 
one way of presenting the data to be 
better than the other. However, 
Underwood* has shown that in at 
least one instance, percentage of recall 
was monotonically related to strength, 
as expected, while the relationship be- 
tween loss and strength was non- 
monotonic. 

Examination of Fig. 2 and 3 reveals 
that, for some or all degrees of List 1 
strength, there is an indication of PI 
in every group. In Cond. S;Ry, 
there appears to be a relative maxi- 
mum of interference in the vicinity of 
six reinforcements on List 1. This is 
in agreement with Underwood’s (1945) 
finding that maximal interference 
seemed to result when items were of 
roughly equal strength on the two 
lists: assuming a normal distribution 
of item strengths, it would not be 


unreasonable to expect that most item 
pairs of roughly equal strength would 
also be of intermediate strength. The 
finding is also similar to the familiar 
fact that, in RI, increased degrees of 
IL first increase, and then decrease 
the amount of RI. Particularly in- 
teresting is the high degree of for- 
getting in the groups with similar 
responses, when the List 1 response is 
weak. This may help to explain why 
relatively little PI has been obtained 
with similar responses: it may be 
necessary to keep List 1 strength 
low to obtain maximal interference. 
There is no reason to expect that the 
finding of maximal interference with 
approximate equality of the two lists 
should be generalizable beyond the 
SiRn case. 


DISCUSSION 


It will be recalled that Barnes and 
Underwood (1959) suggested that the 
unlearning-and-recovery sequence of 
events applied only to the S;Ry condi- 
tion, and that if one assumed no other 
mechanisms of interference, only S;Rn 
would produce PI. However, it was also 
proposed that with similar responses, 
loss of differentiation of list membership 
might lead to forgetting in a delayed test 
of recall. The data on interlist errors in 
the present experiment, while not provid- 


(NO PL) 


% RECALL, List 2 








T Tt t T T 7 T . = 
(£34646 67 © 
Reinf. on Corresponding List-| Item 


Fic. 3. Percentage recalled as a function 
of List 1 strength. 
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ing a direct test of either mechanism, 
have an important bearing on this 
question. All groups with identical 
stimuli show an increase in interlist 
errors from 30 sec. to 48 hr. Such errors 
are rare in Cond. SyRw, and are not 
made at allin recall. An increase in the 
number of interlist errors may or may not 
reflect loss of differentiation, depending 
on whether one grants primary im- 
portance to the error, or to the failure to 
respond correctly which made an error 
possible. If assumes that S first 
loses the correct response, and then may 
or may not make an error, then (using 
the correction for opportunity), the data 
indicate increased interlist generalization 
only for S;Ryn, the other groups continu- 
ing to contribute interlist errors in the 
same proportion to opportunities at 48 
hr. as at 30 sec. If, on the other hand, 
one assumes that the error displaces a 
correct response which would otherwise 
be given, then the appropriate compari- 
son is between the absolute number of 
errors, which increase in all groups. 
This would leave unexplained the fact 
that with similar responses, the increase 
is proportional to the forgetting obtained, 
while in S;Rwy it is not. The author's 
preference is to that 
differentiation is of relatively minor im- 
portance, as suggested by the overall 
equality of total forgetting in all groups 
except S;Rwn, and that the disproportion- 
ate increase of errors in the S;Rw condi- 
tion is an indication of recovery of List 1 
responses. 


one 


assume loss of 


Such a conclusion is in agree- 
ment with the implications of Barnes and 
Underwood’s data, and should suffice as 
a conservative explanation of the present 
experiment. 

Two things remain unexplained: the 
indication of some PI in the SyRy item 
analysis, and the apparent interaction of 
PI and List 1 strength in the similar- 
the 
SnRy, it is clear that the total stimulus 
contexts of the two lists are not com- 


response conditions. In case of 


pletely dissimilar—in fact, letters com- 
mon to the two sets of stimuli may have 


been sufficient to generate a marginal 
Other 


amount of interlist interference. 
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common stimuli involve the room, E, the 
memory drum, etc. . . 

In the similar-response groups, the 
mediation hypothesis leads one to suspect 
that the items readily forgotten were 
those with weak while the 
items well recalled were those with strong 
mediators. Weak mediators might be 
eliminated by extraexperimental interfer- 
ence, and may provide ideal conditions 
for the confusion of the two responses. 
Thus, while loss of differentiation seems 
not to explain the data as a whole, it may 
interact with the mediation mechanism, 
being effective only with low List 1 
strength. The explanation of List 2 for- 
getting as a result of the loss of the List 1 
mediator runs into several difficulties. 
First, the transfer data suggest that when 
a List 1 item is weak, the dependence of 
the List 2 upon it should be 
minimal—and the loss of an ineffective 
mediator would be of little consequence. 
Furthermore, the mediation involved 
may not be a simple response-chaining 
process in which the List 1 response 
serves as a cue for the List 2response. If 
a weak List 1 response is strengthened 
during List 2 learning (as RI experiments 
seem to suggest), then an interdepend- 
ence of List 1 and List 2 responses could 
be built up which would be more complex 
than the simple response chain assumed 
to occur when a strong mediator is 
available. It is obvious that further 
study of the similar response conditions 
is necessary before any conclusions can 
be reached regarding these possibilities. 

The data of the present experiment 
once more indicate the usefulness of con 
sidering the unlearning-and-recovery se- 
quence as a basic process in RI and PI, 
and suggest that while interlist similarity 
per se is not a highly potent variable, it 
may yet be found to produce large effects 
in interaction with degree of learning 


mediators, 


response 


SUMMARY 


Failures to demonstrate an effect of inter- 
list response similarity on PI have previously 
been reported in experiments in which short 
retention intervals have been used, with 
relatively small amounts of PI. In the 
experiment reported, an attempt was made to 
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the chances of obtaining PI by 
using a 48-hr. retention interval 

Che design involved 10 groups of Ss, each 
of which learned a common List 2 
learning first lists which differed in their 
similarity to List 2. The first lists had 
identical stimuli and similar, less similar, or 
three of the 
wo further conditions involved 
groups which learned either no List 1, or a 
List 1 in which both stimuli and responses 
were dissimilar to those on List 2. In each 
condition, retention of List 2 was tested after 
30 sec. and 48 hr., with independent groups 
tested at each time interval 

The results showed significant PI only for 
the which the two lists had 
identical dissimilar responses 


maximize 


alter 


dissimilar responses in basi 


conditions 


condition in 
stimuli and 
However the degree of List 1 strength asso- 
ciated with maximal interference was different 
for each condition, suggesting that significant 
PI might be obtained in each condition by 
appropriate manipulations of List 1 strength 
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EFFECTS OF 


NONREINFORCED 


TRIALS IN TWO-CHOICE 


LEARNING WITH NONCONTINGENT REINFORCEMENT ! 


JAMES G. GREENO? 


["niversity of Minnesota 


The 


examine 


of 


role 


purpose this paper is to 
the of nonreinforced 
trials in a simple prediction situation. 
Stimulus sampling theories have suc- 
cessfully accounted for many of the 
results from choice experiments in 
which some one of the alternative re- 
sponses is reinforced on each trial (see 
Estes, 1959). However, these theories 
have not yet been extended so as to 
provide an adequate account of results 
from experiments which include 
trials on which no reinforcement 
presented. 

In the present studies, S was in- 
structed to predict which of two lights 
would flash on each of a series of trials. 
Following S's choice on each trial, one 
of three events occurred. On some 
trials, one of the lights flashed (E, or 
E.) constituting a reinforcement for 
the response of predicting the light 
that flashed (A; or A»). On other 
trials, neither light flashed (Epo) con- 
stituting a nonreinforced trial. The 
proportions of trials on which E,, Es, 
and Epjoccurred are denoted 71, m2, and 
mo, respectively. In this paper, /, will 
designate the observed proportion of 
\, choices. 


is 


included in the 
author's dissertation, presented to the faculty 
of the Graduate School, University of Minne- 
sota, in partial fulfillment of the requirements 
for the PhD. Thanks are due to D. L. La- 
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dissertation and provided a critical reading of 
this paper. Marianne and Muriel 
Dieteman assisted with data analysis. While 
conducting these studies, the author received 
financial support from the Ford Foundation 
Behavioral Training 
from the Danforth Foundation 
2 Now at Indiana University 


‘These results were 


Larson 


Science Program and 


7: 


Two hypotheses have been offered 
frequently to account for the effects 
of E> trials. One of the 
identity hypothesis, which asserts that 
an Ep trial leaves choice probabilities 
unchanged. A second suggestion is 
the correction hypothesis, which im- 
plies that an Ey, trial reduces the 
probability of the response chosen by 
S on that trial. Estes (1959) sum- 


these is 


marized the results of several experi- 
ments involving Ep» trials and sug- 
gested that the correction and identity 
hypotheses describe processes which 


occur in different degrees in different 
situations, depending upon such vari- 
ables as instructions and preliminary 
training. 

In particular, results obtained by 
Atkinson (1956), Neimark (1953), 
and Millward (1960) are consistent 
with identity-hypothesis predictions. 
However, Anderson and Grant (1957, 
1958) and LaBerge, Greeno, and 
Peterson (1962) have obtained results 
indicating that with wr; > mo, Eo trials 
reduce ~;; and sequential statistics 
reported in these studies suggest that 
the obtained changes in ~; may not 
have been produced by a correction 
effect. 

In most studies of the effects of E 
trials, 
quantitative agreement between data 


investigators have tested for 
and predictions from specific theories. 
On the other hand, the present study 
is intended to provide evidence re- 
garding the qualitative properties of 
the effect of Eo trials. Therefore, E 
trials were presented in situations for 
which ordinal predictions could be 
derived so as to differentiate between 


3 
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hypotheses. In terms of empirical 

variables, the present experiments 

were not designed primarily to test 

the quantitative effects of experi- 

mental operations. Rather, these 

data were obtained in order to deter- 

mine whether certain variables are 

relevant in relation to the effects of 

EF» trials. 


EXPERIMENT | 


This study was designed to investi- 
gate further the finding that Ep trials 
reduce p;. Evidence was sought re- 
garding two questions: 

1. Is the effect of an Ep trial 
invariant with respect to the number 
of trials on which S has received Eo? 
This question arises from the possi- 
bility that the effect of Eo trials might 
decrease over a series of partially 
reinforced trials. This might occur if 
Eo events acquired secondary rein- 
forcing properties through association 
with reinforced trials in the sequence 
(Bush, 1960), or if the effect of Eo 
trials depended upon disrupting S’s 
behavior and disruption effects dimin- 
ished as Ep events continued to occur 
(Neimark, 1953). 

? 


Do E> trials reduce the asymp- 


totic value of p,? LaBerge, Greeno, 
and Peterson’s (1962) results included 
differences among mean choice fre- 
quencies due to Ep trials during 
acquisition. This second question 
then, simply asks whether such a 
difference also occurs during near- 
asymptotic performance. 


Method 


The 72 Ss were students in introductory 
psychology Two Ss at a time 
darkened room and in- 
structed to predict which of two red lights 
would flash each time they heard a buzzer 
signal. Each S indicated his prediction on 
each trial by pressing one of two spring- 
release levers. The Ss received eight practice 
trials: E,;E;E2E2:Es9Eo9E,:E2, The E empha- 


sized that S “should make a choice on each 


classes. 


were seated in a 


GREENO 


trial, no matter what happens,’’ and then 
asked for questions. If S asked or remarked 
about the E» events, E said, “That may 
happen on some trials. In any case you 
should make a choice on each trial.’’ No 
other instructions were given regarding Epo 
trials. Following the instructions, trials were 
presented without interruption until all trials 
had been presented. 

Each experimental trial consisted of the 
following events: buzzer signal, 2 sec.; off, 
1 sec.; reinforcement event, 1 sec.; off, 2 sec. 
This temporal sequence was automatically 
controlled. On each trial, S’s choice and the 
reinforcement event were automatically re- 
corded. 

Reinforcement schedules were constructed 
by randomly ordering 20-trial blocks of E, 
and E¢ trials, and then randomly adding the 
number of Epo trials needed to satisfy the 
specified value of mo. Each block, then, in- 
cluded 20 reinforced trials, and a total of 
20/(1 — zo) trials. 

The three experimental groups received 
reinforcement sequences as follows: 


Group 0— 
Blocks 1 


Group 50 
Blocks 1-10: 21:72 


10: T1:%2 = 90:10; mm = 0 


90:10; xo 50. 
Group 50P 
Blocks P;—P3: 
Blocks 1-5: 


m1:%2 = 50:50; ro = .67, 


90:10; ro = .50. 


W182 = 


A comparison between Groups 50 and 50P 
is relevant to the question of invariance of the 
effects of Ey trials. The pretraining schedule 
received by Group 50P was selected because 
LaBerge, Greeno, and Peterson (1962) found 
that this sequence produced no change in p; 
for a 90:10 sequence with rm) = 0. Thus, if 
Groups 50 and 50P were to differ over Blocks 
1-5 of the present study, then this difference 
could be attributed to a change in the rein- 
forcing effect of Eo trials due to their presence 
in the pretraining sequence. 

A comparison of Groups 0 and 50 over 
Blocks 6-10 is relevant to the question regard 
ing near-asymptotic properties of Eo effects. 

Six different random schedules were used, 
with orders of E; and Ez events matched 
across groups for comparable blocks. The 
right- and left-hand response, respectively, 
was designated A, for one-half of the Ss in 
each condition. 


Results and Discussion 


The mean proportions of A; choices 
(p1) for each group are graphed by 
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blocks in Fig. 1. Over the first five 
blocks of 90:10 reinforcement, p; was 
obtained for each S. An estimate of 
o? = .0106 (df = 36) was obtained as 
the residual mean square of the 
3 X 2 X 6 factorial analysis of vari- 
ance involving experimental groups, 
right or left sides, and schedules as the 
factors. Then 90% confidence inter- 
vals for orthogonal contrasts between 
group means were estimated as 
follows: 


pi(50) + p,(S0P 


pi(O) — - = .091 + .052; 


pi(S50P) — pi (50) - .018 + .060. 

In qualitative terms, p; was less with 
my = .50 than with wo = 0; and p~, 
with mo .50 did not differ signifi- 
cantly as a result of the 50:50 pre- 
training trials. The difference due to 
E, trials over these blocks replicates 
earlier findings and thus provides 
additional contraindication for the 
identity hypothesis. Since there was 
not a significant increase in p; due to 
the 50:50 pretraining, there is no 
evidence that the effect of Epo trials 
decreased over the partially reinforced 
sequence of 50:50 trials. 

In order to obtain evidence as to 
whether Ep» trials influenced asymp- 
totic values of p;, the value of p; was 
obtained for each S in Groups 0 and 
50 for each block during Blocks 6-10. 
These scores were subjected to anal- 
ysis of trends (Grant, 1956). The 
F for overall linear trend (1.36; 
df = 4/184; P > .25) and the F for 
difference between group linear trends 
(1.16; df 1/46; P > .75) were not 
significant. Therefore, there is no 
statistical evidence that Groups 0 and 
50 were not at asymptote during 
Blocks 6-10. The F for 
between group means was significant 
(9.28: df 1/46; P < .0005), in- 


difference 


dicating that the asymptotic value of 


choices 


Proportion of A 


Fic. 1. 
across blocks of trials in Exp. I 
P1—P3, m,:22 = 50:50. In 
m,:m%2 = 90:10.) 


Mean proportions of A; choices 
(In Blocks 
Blocks 1-10, 


pf, was changed by the Ep trials 
received by Group 50. 

In Table 1 are presented estimated 
means and variances of p; scores, and 
proportions of events ();,x) such that 
A; and E; occurred on Trial m, and A 
occurred on Trial ma + 1. Lines 1 and 
2 of Table 1 are relevant to the present 
discussion. Anderson Grant 
(1958) used a statistic based on 
similar data to estimate changes in 
Pp, across Ep trials. Let 7 Po,21/mo 
— Po.2/mo. For Group 50 of the 
present study, y = — .034, indicating 
that p, decreased across Ep trials. 
This result is consistent with those 
obtained in Anderson and Grant’s 
analysis, and suggests that the change 
in p; reported here was due to effects 
of Epo trials on choice probabilities, 
rather than to changes in the effects of 
E,; and Es» events. 

Taken together, the obtained differ- 
ence in p; and the negative value of + 
provide evidence against the identity 
hypothesis which is particularly com- 
pelling, since it is based on near- 
asymptotic performance. 


and 


EXPERIMENT I] 


This experiment was designed to 
provide evidence relevant to the cor- 
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rection hypothesis, which implies that 
the effect of an Ep trial depends upon 
S’s choice on the trial. Therefore, if 
the correction hypothesis were correct, 
then the average effect of an Ep trial 
would depend upon response fre- 
quencies. An alternative possibility 
is that the average effect of an Ep trial 
might depend upon reinforcement 
frequencies. 

In the standard prediction situation 
with noncontingent reinforcement, it 
is impossible to discriminate between 
the effect of these variables on the 
basis of ordinal hypotheses, since re- 
sponse and reinforcement frequencies 
turn out to be equal at asymptote. 
In order to remove this equality, 
unequal incentives were introduced 
for the two response alternatives. 
Under these conditions, S should 
choose the response associated with 
the higher incentive more frequently 
than that response is_ reinforced. 
Thus, it was hoped that the contribu- 
tions of response frequencies and 
reinforcement frequencies to the effect 
of Ep trials could be separated. 


Optimal conditions for this purpose 
would include a condition for which 
Pp; = .50 when m > m2 and mm = 0, 


and another condition for which 
bi < .50 with wm; = m2 and m = 0. 
The simplest form of the correction 
hypothesis would predict that Ep trials 
should increase /; in the second con- 
dition, and that Ep trials would have 
no effect in the first condition. On 
the other hand, if the effect of Eo trials 
depended upon reinforcement fre- 
quencies, there should be no effect due 
to Ep» trials in the second condition, 
and ~; should be decreased by Epo 
trials in the first condition. 

The incentive operation used was to 
instruct S that he would receive more 
points for a correct prediction of one 
light than the other. 
studies indicated that 


Preliminary 
the optimal 
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conditions described above would be 
best approximated with a point ratio 
of 1:6. 


Method 


The 250 Ss were students in introductory 
psychology classes. Procedures and ap- 
paratus were the same as those used in Exp. | 
with the following exceptions: Instead of 
facing a box with red lights and levers, .S faced 
a slanting panel which held two spring-release 
buttons with which he indicated his choices. 
The signal light above the left button was red, 
and the light above the right button was 
white. The numerals 1 and 6 were displayed 
beside the left and right buttons, respectively. 

Instructions indicated that the experiment 
was a test of .S’s skill at making choices. The 
task for S was to get as many points as he 
could by predicting which light would flash 
on each trial; and S was told that he would 
receive one point each time he correctly 
predicted the red left-hand light and six 
points each time he correctly predicted the 
white right-hand light. Practice trials and 
remarks about Epo trials were as in Exp. I. 

This experiment consisted of three sections 
which were run separately. In Section 75, 
w,:m2 = 75:25; in Section 50, 71:72 = 50:50; 
in Section In each 
section, a group with m = 0 (Groups 75/0, 
50/0, 25/0) was compared with a group with 
.50 (Groups 75/50, 50/50, 25/50). 

In all cases, six blocks of trials were pre- 
sented. Eight different random _ schedules 
were used. Schedules were constructed in the 
manner described for Exp. 1. Schedules were 
matched within sections with respect to the 
order of E; and Es events. Schedules were 
matched across sections with respect to the 
trial numbers on which Ep» occurred for the 
groups with mw = .50. The left-hand re- 
sponse was designated A, for all Ss. 

For Sections 75 and 50, a double sampling 
technique was used to determine the number 
of Ss to be used (Cox, 1958). In each case, 
n was set so that the difference between mean 
values of p; for x9 conditions could be esti- 
mated with a 90% confidence interval of 
length less than .10. The number of Ss in the 
six experimental groups were follows: 
Group 75/0, 64; Group 75/50, 32; Groups 
50/0 and 50/50, 48; Groups 25/0 
25/50, 32. 


25, mitwe = 25:75. 


To = 


as 


and 


Results and Discussion 


Mean values of p; are graphed by 
blocks in Fig. 2, The value of ; over 
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Blocks 3-6 was obtained for each S 
and these scores were analyzed. Es- 
timates of a? were obtained as residual 
mean square terms of factorial anal- 
yses of variance (see Table 1). Using 
these estimates, 90°% confidence in- 
tervals were estimated for the differ- 
ences between a» = 0 and mo 50 
conditions as follows 


pi(75 0O)—pil’s .079+.046; 
pi(50 0)— pil: .053 +.048 : 
p1(25/0) — py (2! ~.100+.050. 


Lines 3-6 of Table 1 provide more 
detailed information regarding per- 


formance of these groups. The values 


of the y statistic described above were 
estimated as follows: Group 75/50, 
-.039; Group 50/50, +.006; Group 
25/50, +.030. These estimates sug- 
gest the following: p; decreased 
across Ep» trials with 71:72 rb Pe Fe 
p.i increased across Ep trials with 
W111 25:75; and p; was virtually 
unchanged by Ep trials with m,:7¢ 
50:50 


Proportion of A; choices acros 
trial blocks in Exp. I] 


[lwo formulations of the 


hypothesis could be applied 


data, although 


rABLE 1 


ESTIMATES OF GROUP MEANS AND VARIANCES 
OF RESPONSE-REINFORCEMENT 


Experiment I, Blocks 6-10 


O84 O08 


035 | .007 


Experiment II, Blocks 3-6 


0242 | .310 | .135 | .085 | .056 
.0129 | .138 | .056 | .030 | .030 
093 | .095 | .082 | .103 
.0199 
.047 | .037 | .036 | .047 
015 | .029 | .024 | .103 
.0139 
.013 | .018 | .028 | .076 


see text for explanations 


141 
.130 | .079 
112 


043 
045 


.026 


AND 


correction 


to 


neither of them 


PROPORTIONS 


COMBINATIONS 


008 


.006 


220 


111 


OR6 


.100 


these 


seems 
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adequate to account for the results that 
were obtained. First, we could expect 
that Eo trials might change ; in the 
direction of .50 by an amount pro- 
portional to the difference between 
pil(mo = 0) and .50. If this had been the 
case, however, then the difference be- 
tween (75/0) and ,(75/50) would 
seem to have been too large. Instead of 
decreasing »; toward .50, the Eo trials 
reduced »; to .50. More critically, in 
Section 50, p:(9%o = .50) was farther from 
.50 than pi (40 = 0). 

A second formulation would allow the 
probability of a correction response to be 
influenced by the incentive variable. 
Such a formulation would be consistent 
with results indicating that the incentive 
variable had a greater effect in groups 
receiving Ep trials than with mo = 0. 
The results from Sections 75 and 50 of 
the present experiment are, therefore, 
consistent with such a formulation. 
However, had the incentive operation 
been more effective in Group 25/50 than 
Group 25/0, there should not have been 
a significant difference between these 
groups in the obtained direction. 

In Sections 75 and 50, then, Eo trials 
reduced the frequency with which Ss 
chose that response which was reinforced 
more frequently, although the more fre- 
quently reinforced response was asso- 
ciated with different incentives in the 
two cases. In Section 50, although jp, 
was changed by the presence of Ep trials, 
it appears that p, did not change across 
Eo trials despite the fact that p, < .50. 
These results, then, indicate that S’s 
choice frequency is not a relevant vari- 
able in relation to the effect of Eo trials; 
and the present data therefore contra- 
indicate the correction hypothesis. On 
the other hand, the present findings 
indicate that the effect of Eo trials is 
related to the relative frequencies with 
which the alternative choices 
inforced. 


are re- 


SUMMARY 


[wo experiments were conducted in order 
to obtain evidence regarding the effect of non- 
reinforced trials in a simple prediction situa- 
tion. Evidence was obtained regarding two 


GREENO 


hypotheses: (a) The identity hypothesis, 
which asserts that an Ep trial does not change 
choice probabilities; and (6) The correction 
hypothesis, which implies that an Epo trial 
reduces the probability of the response chosen 
by S on that trial. 

In Exp. I, two groups receiving sequences 
of trials including 200 reinforcements with 
1:72 = 90:10 were compared over trial 
blocks during which ; was near its asymptote. 
The group receiving Eo trials showed a lower 
value of p; than did the group with mo = 0. 
This result contraindicates the identity 
hypothesis. A second comparison from Exp. 
I examined the effect of a pretraining sequence 
including Ep» trials with r,;:72 = 50:50. The 
pretraining sequence did not significantly 
change the effect of Ep trials in the 90:10 
sequence which followed. There was, then, 
no evidence that the effect of Eo trials de- 
creases over sequences of partially reinforced 
trials. 

In Exp. II, unequal incentives were offered 
S for the two choice responses in an attempt 
to separate the contributions of choice fre- 
quencies and reinforcement frequencies to the 
effect of Eo trials. It was found that with 
m\:m%2 = 75:25, Eo trials reduced p;; with 
25:75, Eo trials increased p;. With 
w\:% 50:50, pi(mo .50) was less than 
pi(ro = 0), although a sequential statistic 
indicated that »; did not change across E 
trials. In each case, p:(%o = 0) was less than 


W1:%2 


Therefore, it was concluded that 


71 + T2 
the effect of Eo trials was related to the fre- 
quencies with which the choices were rein- 
forced, rather than to the frequencies with 


which Ss chose the responses. Since the 
correction hypothesis implies that choice 
frequencies determine the average effect of Ey 
trials, the results of Exp. II were interpreted 
as a disconfirmation of the correction hy- 
pothesis. 
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FUNCTION OF THE 


FIRST-LIST 
CONDITIONS OF 


ASSOCIATIONS AS A 
TRANSFER ! 


LEO POSTMAN 


University of California 


A basic question for theories of 
ransfer and retroactive inhibition 
(RI) is whether the strength of first- 
list associations changes systemati- 
‘ally during the learning of the second 
list. A recent study by Barnes and 
Underwood (1959) has presented clear 
evidence that the ‘‘fate’’ of first-list 
associations depends on the condi- 
tions of intertask transfer. When the 


paradigm for negative transfer (iden- 
tical stimuli and dissimilar responses 


A-B, A-C) is used, List 1 associa- 
tions are unlearned or extinguished 
during the acquisition of List 2. 
When the successive tasks conform to 
the paradigm for positive transfer 
(identical stimuli and highly similar 
A-B, A-B’), List 1 associa- 
tions are maintained at high strength 
and appear to mediate the reproduc- 
tion of List 2 responses. The present 
paper presents additional findings in 
support of these conclusions. 


responses 


Experimental evidence consistent with the 
unlearning hypothesis has been accumulating 
steadily but has remained short of decisive 
prior to the study of Barnes and Underwood 
1961). The hypothesis was first 
advanced by Melton and Irwin (1940) as part 
of a two-factor theory of RI. According to 
this theory, List 1 associations which have 
been unlearned are not available at the time 
of recall; others which remain potentially 


(Postman, 


available are displaced by competing associa- 
tions from List 2. The lack of correlation be- 
tween total amount of RI and the number of 
overt interlist intrusions is in accord with this 
interpretation as is the finding that RI is 
greater than proactive inhibition (PI) at short 
retention intervals (Melton & Von Lackum, 
1941; Underwood, 1948a) 


The assumption 


! This research was supported by a grant 
from the National Science Foundation 


that some List 1 associations are not available 
to S at the time of the retention test received 
further support from studies using the method 
of modified free recall or MFR (Briggs, 1954; 
Briggs, Thompson, & Brogden, 1954; Under- 
wood, 1948b). After learning two successive 
lists (A-B, A-C), S is presented with the 
common stimulus term (A) and is required to 
give either the List 1 response (B) or the List 
2 response (C). The relative frequency of 
List 1 responses declines steadily as a function 
of the degree of List 2 learning. The fact that 
the proportion of List 1 responses increases as 
a function of time supports the interpretation 
of unlearning as a process akin to extinction 
followed by spontaneous recovery. The re- 
sults of MFR tests do not, however, provide 
crucial evidence for reduced availability of 
List 1 associations. Since S is instructed to 
give either B or C, a progressive rise in the 
proportion of C responses may merely signal 
increasing dominance of List 2 over List 1 
associations and does not compel the con- 
clusion that the latter are not available to S 

A critical test of the unlearning hypothesis 
requires that the availability of List 1 associa 
tions be assessed under conditions in which the 
effects of response competition and of losses in 
list differentiation are eliminated. This re- 
quirement was met for the first time in the 
study of Barnes and Underwood (1959). In 
the experiment using the A-B, A-C paradigm 
with nonsense syllables as stimuli and adjec- 
tives as responses, Ss were presented with the 
common stimulus terms at the end of List 2 
learning and were required to write down both 
the List 1 and List 2 responses to each of the 
stimuli. Following a usage adopted by Mel- 
ton (1961) this modification of MFR will be 
referred to as MMFR. With List 1 learned 
to a criterion of one perfect recitation, the 
MMFR test was administered to different 
groups after 1, 5, 10, or 20 anticipation trials 
on List 2. As degree of List 2 learning in- 
creased, there was a steady decline in the 
number of List 1 responses and an equally 
regular rise in the number of List 2 responses 
These trends were obtained regardless of 
whether credit was given for all responses 
recalled or only those which were reproduced 
to the appropriate stimulus and _ identified 
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correctly as to list membership. With the 
exception of the lowest degree of List 2 learn- 
ing, List 1 responses were reproduced before 
List 2 responses with only chance or less than 
chance frequency. findings give 
unequivocal support to the unlearning hy- 
pothesis and are inconsistent with the “‘in- 
dependence hypothesis,” according to which 


These 


the two systems of responses remain independ- 
ent and intact and RI is due to reproductive 
inhibition. 

The inverse relationship between interlist 
response similarity and RI suggests that List 1 
responses gain in strength during the acquisi- 
tion of List 2 intertask transfer is 
positive. One theoretical account of this 
relationship assumes that there is generaliza- 
tion of reinforcement between List 1 and List 
2 1946, 1948; Underwood, 1951; 
Young, 1955) While this hypothesis ac- 
counts for the relationship between positive 
and 


when 


Osgood, 


transfer RI, a second experiment by 
Barnes and Underwood supports a different 
conception of the “‘fate’’ of List 1 associations 
under the A-B, A-B’ paradigm. In a replica- 
tion of the procedure described above with 
lists conforming to the A-B, A-B’ paradigm, 
the MMFR test showed little decline in the 
recall of List 1 associations as a function of 
Recall of List 2 
associations was nearly perfect after only one 
trial. At the lower degrees of List 2 learning, 
List 1 responses tended to be recalled before 
List 2 responses. The total pattern of results, 
and especially the almost instantaneous ac- 
quisition of List 2, points to direct mediation 
of List 2 List 1 

\-B-B’) rather than generalization of rein- 
forcement as the mechanism responsible for 
the positive transfer effects. 


the degree of List 2 learning. 


responses by responses 


Since similarity 
ind associative connection between items are 
correlated, A-B-B’ strengthens 
List 1 responses and at the same time leads 
to a high level of recall for List 2 responses 
Most Ss in the experiment of Barnes and 
Underwood reported using mediation during 


rehearsal of 


List 2 learning 
The and 
1959) represents an important advance in the 
analysis of the mechanisms of transfer which 
are fundamental to an interference theory of 
forgetting 


study ol 3arnes Underwood 


The conclusions concerning the 
“fate” of List 1 associations will be strength- 
ened if it is possible to show that the differ- 
ences obtained with the two paradigms are 
not a function of S’s set at the time of recall. 
Results obtained by the method of anticipa- 
tion suggest that RI at recall may be enhanced 
by S’s tendency to continue responding from 


the list which he practiced last. Such 


FIRST-LIST ASSOCIATIONS 


“generalized competition” leads to a large 
proportion of failures to respond on the test of 
recall even when the two lists do not share 
common stimulus terms and List 2 has not 
been learned to a higher degree than List 1 
(Newton & Wickens, 1956; Postman, 1961; 
Postman & Riley, 1959). It is reasonable to 
suppose that generalized competition is 
greater when intertask transfer is negative 
than when it is positive, especially if there is 
direct mediation of responses under the latter 
condition. When recall for homogeneous lists 
is tested by MMFR, differential effects of set 
on the reproduction of List 1 responses cannot 
be ruled out. 
the present 

differences in 


A mixed-list design was used in 
study in order to 
the availability of List 1 re- 
sponses for the A-B, A-C and A-B, A-B’ 
paradigms with the effects of response set 
equalized. The need for control of response 
set in MMFR by means of mixed-list designs 
has been pointed out by Melton (1961 


assess the 


Performance in M MFR is relatively 
free from the effects of response com- 
petition and list differentiation. <A 
comparison of the amounts of RI as 
measured by MMFR and the conven- 
tional anticipation method will permit 
an estimate of the extent to which 
conventional measures of RI reflect 
reduction in the availability of List 1 
responses on the one hand, and re- 
sponse competition and loss of list 
differentiation on the other. A con- 
ventional test of anticipation and 
MMFR were, therefore, used with 
different groups to measure RI under 
the conditions of the present 
periment. 


ex- 


METHOD 
Experimental design.—Four groups of Ss 
two Work groups and two Rest groups 
learned a list of eight paired associates (A-B 
to a criterion of one perfect recitation. ‘The 
Work groups were then given 20 trials on a 
For half 
of the pairs in List 2 the relationship to the 
pairs in List 1 conformed to the A-B, A-( 
paradigm, and for the other half of the pairs 
to the A-B, A-B’ paradigm. The Rest groups 
rated a series of pictures on several evaluative 
dimensions for a period equal to that spent in 
List 2 learning by the Work groups. At the 
end of the retention interval one Work group 


second list of eight paired associates 
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and one Rest group were given an MMFR 
test in which the common stimulus terms (A) 
were presented and Ss were required to give 
both List 1 and List 2 responses. Following 
the MMFR test List 1 was relearned for 10 
trials. The other Work group and Rest group 
relearned List 1 for 10 trials without an inter- 
vening MMFR test. The four conditions 
included in the design will be designated as 
MMFR Work, MMFR Rest, Conventional 
Work, and Conventional Rest. 

Lists—The stimulus terms were eight 
nonsense syllables of 47-53% association 
value (Glaze, 1928). The _ intrastimulus 
similarity was low. None of the consonants 
were duplicated, and each of four vowels was 
repeated once. The pool of response terms 
consisted of two-syllable adjectives from 
Haagen’s (1949) tables. There were eight 
sets of three adjectives each. Two of the 
three adjectives in each set were those used 
by Barnes and Underwood (1959) as responses 
in A-B, A-B’ pairs and had similarity ratings 
from .9 to 1.4 on Haagen’s scale. The third 
adjective in each set had no apparent relation- 
ship to the other two. Pairs were assigned to 


lists so that (a) each nonsense syllable was the 
common stimulus for similar responses half 
the time and for dissimilar responses the 
other half of the time, and (6) similar re- 
sponses and dissimilar responses from a given 
set of adjectives were each paired with a 


common stimulus half the time. There were 
two combinations of lists; the two lists within 
each combination were learned first and 
second equally often. Intralist response 
similarity was low throughout: there were no 
duplications of first letters, and no more than 
one duplication of a terminal suffix. 

Procedure.—The lists were presented on a 
Hull-type memory drum at a 2:2 rate, with 
an 8-sec. intertrial interval. There were four 
different orders of pairs each of which was 
used as a starting order equally often. The 
two lists learned by the Work groups were 
separated by 2 min. The total retention 
interval, which was filled by the picture-rating 
task for the Rest groups, was 15.3 min. 

For the MMFR test the drum was operated 
manually and the exposure of successive stim- 
ulus terms was paced by S. The Ss were in- 
structed to call out the two responses in the 
order in which they occurred to them when 
the common stimulus term appeared in the 
window. 

Subjects.—With two conditions (Work vs. 
Rest) and two tests of recall (MMFR vs. 
Conventional), there were four groups of 16 
Ss each. The Ss were undergraduate stu- 
dents who were not necessarily naive to rote- 
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learning experiments but had no previous 
experience with MMFR tests. For purposes 
of assignment to conditions, 64 entries were 
made so that to each S in a Work group there 
corresponded an S in the appropriate Rest 
group who learned the same test list with the 
same starting order. The Ss were run in 
blocks of 4, with 1 S per block drawn at 
random from each of the four conditions. 
The running order within blocks was deter- 
mined by a table of random numbers. No Ss 
were lost because of failure to learn. 


RESULTS 


List 1 learning. —The mean number 
of trials to criterion on List 1 for the 
combined groups was 13.26, with an 
SD of 7.98. The means for individual 
groups ranged between 12.81 and 
14.00 and did not differ significantly 
(F < 1). 

The mean number of trials to a 
criterion of 4/4 for the pairs used in 
the A-B, A-B’ paradigm was 10.39, 
and 10.31 for the pairs used in the 
A-B, A-C paradigm. For purposes of 
this comparison as well as in subse- 
quent analyses of recall and relearn- 
ing, the classification of the pairs 
learned by Ss in the Work groups was 
applied to the protocols of correspond- 
ing Ss in the Rest groups. 

List 2 learning.—During practice on 
List 2, the A-B’ paradigm produced 
faster learning than the A-C paradigm. 
The mean number of correct responses 
on A-B’ pairs was 65.06 (SD = 12.88), 
and 59.47 (SD = 11.15) on A-C pairs. 
The results for the Work groups were 
quite similar—64.94 vs. 59.31, and 
65.19 vs. 59.62 for the MMFR and 
Conventional groups, respectively. 
The difference between the two kinds 
of pairs is significant (¢ = 2.45, 
df = 31, .01 < P < .02) and is in 
accord with the differential transfer 
effects normally predicted for the two 
paradigms. 

The number of interlist intrusions 
given to the appropriate stimulus 
terms was greater for the A-B, A-B’ 
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TABLE 1 





NUMBER OF LIsT 1 RESPONSES CORRECTLY REPRODUCED IN RECALL AND RELEARNING 





Measure Cond. 


| 


MMFR 





Conventional recall 


10 trials of RL 


M MFR Groups 


Paradigm 





A-B, A-B’* 


Mean | 


Conventional Groups 


Conventional recall Work 


10 trials of RL 


* Pairs learned by 
Work groups. 


than for the A-B, A-C paradigm. 
Twelve Ss contributed 35 intrusions 
on A-B’ pairs whereas 7 Ss made 11 
such errors on A-C pairs. This differ- 
ence agrees with that found in other 
investigations (Barnes & Underwood, 
1959; Underwood, 1951; Young, 1955). 

Transfer from List 1 to List 2.—To 
estimate the net amount of transfer 
from List 1 to List 2, the total num- 
bers of correct responses on the first 
five trials of acquisition of the two 
lists were used. Since the fastest 
learner on List 1 required five trials to 
reach criterion, all Ss could be in- 
cluded in this analysis. For the A-B, 
A-B’ paradigm the mean number of 
correct responses rose from 7.50 to 
12.22; for A-B, A-C there was only a 
small increase from 6.75 to 8.12. 
While the net transfer effect is positive 
in both cases, the gain is substantially 
larger for A-B’ than for A-C. The 


YE. 05 - 1.00 
.93 


3.69 
4.07 


Ss in the Rest groups were classified according to treatment for corresponding Ss in the 


interaction, Pairs X Lists, is signifi- 
cant beyond the .001 level (F = 14.73, 
df = 1/31). In the absence of appro- 
priate controls the effects of learning- 
to-learn and warm up cannot be 
separated from the specific transfer 
effects falling on the two classes of 
pairs. The large difference in the net 
amount of gain indicates, however, 
that the specific transfer effects were 
positive for A-B’ and negative for 
A-C. 

MMFR test.—The mean numbers 
of correct responses on the MMFR 
test are shown in Table 1. The scores 
are based on responses given to the 
appropriate stimulus terms. For the 
Rest group there is only a negligible 
decline in the recall of List 1. The 
Work group shows losses for both 
kinds of List 1 pairs but the amount 
forgotten is clearly greater after inter- 
polation of A-C than of A-B’. Recall 
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of List 2 was nearly perfect—3.94 for 
A-B’ and 3.88 for A-C. 

In the statistical analysis of the 
results, the scores of corresponding Ss 
in the Work and Rest groups were 
treated as paired replicates. Since the 
direction of the differences was pre- 
dicted, one-tailed tests of significance 
were used. The overall amount re- 
called is significantly greater under 
Rest than Work (¢ = 4.67, df = 15, 
P < .001). For purposes of evaluat- 
ing the differential effects of the condi- 
tions of transfer on the amount of RI, 
the difference between the recall 
scores for the two sets of pairs was 
determined for each S. The mean 
difference score is significantly higher 
for the Work than the Rest group 
(¢ = 2.56, 01 < P < .02). Thus, the 
reduction in the availability of List 
1 responses is reliably greater for 
the A-B, A-C than the A-B, A-B’ 
paradigm. 
few scattered 
instances of List 1 responses given to 
an incorrect stimulus on the MMFR 
test. Inclusion of these responses 
raises the total number of responses 
recalled by 2 and 3 for the A-B, A-B’ 
and A-B, A-C conditions, respectively. 


There were only a 


For the rest group, there is an increase 
of 2 on each type of pair. Thus the 
picture remains virtually unchanged 
whether or not response to the ap- 
propriate stimulus is used as a cri- 
terion of correct recall. 

Order of recall in MMFR.—The 
numbers of cases in which Ss recalled 
both responses to a common stimulus 
term were 48 for A-B, A-B’ and 33 for 
A-B, A-C. 


The percentages of cases 


in which List 1 responses were recalled 
first were 45.8 and 45.4, respectively, 
i.e., the frequencies are close to chance 
in both 
percentages obtained by Barnes and 


cases. The corresponding 


after 
learning 


20 trials of inter- 
were 53 and 43. 


Underwood 
polated 
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Since all percentages are near chance, 
the differences between the two ex- 
periments may be considered minor. 

Conventional recall of Last 1. 
Table 1 shows the mean numbers of 
items recalled by the Conventional 
groups on the paced test of anticipa- 
tion. The total recall scores of the 
Work group are significantly lower 
than those of the Rest group (¢ = 3.51, 
P < 01). The amount of interfer- 
ence is substantially greater for the 
A-B, A-C than the A-B, A-B’ para- 
digm, and the difference between the 
two sets of pairs is again significantly 
larger for the Work than the Kest 
group (¢ = 2.38, 01 < P < .02). 
There was only one interlist intrusion 
to ai appropriate stimulus term, 
which was a substitution of B’ for B. 

Comparison of MMFR and conven- 
tional recall—The overall level of 
recall is significantly higher in MMFR 
than in conventional anticipation 
(F = 10.36, df = 1/15, P < .01, after 
a Freeman-Tukey square-root trans- 
formation). However, the amounts 
of RI are quite similar under the two 
conditions of testing. The percent- 
ages of RI in MMFR are 19.7 for A-B, 
A-B’ and 43.5 for A-B, A-C. On the 
conventional test the corresponding 
percentages are 14.9 and 50.0. The 
Rest-Work differences interact with 
the method of testing neither for total 
recall scores nor for the differences 
between types of pairs. 

Effect of MMFR on conventional 
recall—Since all groups relearned 
List 1 by the anticipation method, it 
is possible to evaluate the effects of an 
MMEFER test on subsequent conven- 
tional recall. It must be recognized 
that the time between the last trial of 
original learning and the first trial of 
relearning was slightly longer for the 
M MER groups than the Conventional 
groups because of the interpolated 
MMEFER test. However, this differ- 
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ence is minor relative to the total 
length of the retention interval. As 
Table 1 shows, the performance of the 
MMFR Rest group exceeds that of 
the Conventional Rest group on the 
first trial of relearning whereas the 
differences the two Work 
groups are small and not consistent. 
Whatever opportunity for rehearsal is 
provided by the MMFR test appears 
to have a beneficial effect only for the 
Rest group. However, the resulting 
increase in RI is not significant as 
evaluated by the interaction of the 
Work-Rest differences with the condi- 
tions of testing. 

The number of appropriate interlist 
intrusions also shows increase 
after the MMFR test. Whereas there 
was only one intrusion of a B’ item for 
the Conventional Work group, the 
MMFR Work group gave four B’ 
responses and two C responses on the 
first relearning trial. The interpola- 
tion of an MMEFER test appears to 
the differentiation 


between 


some 


reduce between 
lists. 

The mean numbers of 
10 triais of re- 
learning are shown in Table 1. The 
Conventional groups will be consid- 
ered first. The difference between the 
Work group and the Rest group is 
significant (¢ = 2.38, .01 < P < .02), 
i.e., there is reliable RI when the total 
performance in relearning is consid- 
However, the difference be- 
tween the amounts of RI under the 
two conditions of interpolation falls 
short of significance (¢ = 1.64). As 
Fig. 1 shows, the level of RI for A-B, 
\-C declines steeply and converges 
on that for A-B, A-B’. 

The overall difference between the 
Work group and the Rest group is 
also significant for relearning after 
MMFR (t 300, F<). The 
amount of RI does not differ signifi- 
cantly for the two paradigms (t = .54), 


Relearning. 
correct responses in 


erect 1 . 
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Mean amount of RI 


1) 
on 


o* 


team 








1-2 3-4 5-6 
Trials of relearning 

Fic. 1. Amount of RI in relearning as a 
function of transfer paradigm and condition 
of testing. (All Ss relearned by the method 
of anticipation. An MMEFR test preceded 
relearning for the MMFR groups but not for 
the Conventional groups.) 


and the loss scores again converge 
during relearning (Fig. 1). 
Comparison of the temporal trends 
in RI shows that interpolation of an 
MMER test produces a pronounced 
increase in RI for A-B, A-B’ in the 
early relearning, and a 
smaller increase for A-B, A-C. As a 
result, the initial advantage of A-B, 
A-B’ is considerably greater under the 
conventional treatment than after 
MMEFR: in fact, the relationship be- 
tween the paradigms is temporarily 
reversed in the latter case. A trend 
analysis of the differences between the 
two sets of pairs yields a significant 
interaction of Conditions (Work vs. 
Rest) with the Method of Testing 
(F = 4.77, df = 1/15, .02 P < .05). 
Thus, difference between the 
slopes of the two RI functions is re- 
duced by the 
MMFR test. 
The effects of MMFR on relearning 
reflected in the frequencies of 
interlist intrusions given to the ap- 


stages of 


the 


interpolation of an 


are 


propriate stimulus terms. These fre- 
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quencies and the numbers of Ss (NV) 
contributing them were as follows: 
Conventional Work group—8 intru- 
sions of B’ (N=5) and 4 of C 
(N = 2); MMFR Work group—21 
intrusions of B’ (N = 12) and 5 of C 
(N = 4). There are more intrusions 


of B’ than C responses in both cases, 
but this difference is substantially in- 
creased following MMFR. 


DISCUSSION 


The results obtained with mixed lists 
fully confirm those reported by Barnes 
and Underwood (1959) for homogeneous 
lists. The reduction in availability of 
List 1 associations as measured by 
MMFR is clearly and _ significantly 
greater for the A-B, A-C than the A-B, 
A-B’ paradigm. The relative amounts of 
interference observed in the two experi- 
ments are in substantial agreement. A 
direct comparison can be made of the 
percentages that List 1 responses were of 
all the responses given in MMFR under 
each condition of interpolation. For 
A-B, A-B’ this percentage was 47.0 in 
the study of Barnes and Underwood, and 
43.8 in the present experiment; for A-B, 
A-C the corresponding percentages are 
35.8 and 35.4. 

The consistency of the results obtained 
with homogeneous and with mixed lists 
indicates that the differences obtained in 
MMFR reflect primarily the strength of 
first-list associations rather than the 
influence of response sets at the time of 
recall. This finding parallels that of 
Twedt and Underwood (1959) that 
homogeneous lists and mixed lists yield 
equivalent measures of differential trans- 
fer effects. 

With eliminated as a 
major determinant of performance in 
MMER, the present results give further 
strong support to the hypothesis that 
first-list associations are extinguished or 
unlearned when intertask transfer is 
negative. The data are also consistent 
with the hypothesis of response media- 
tion under conditions of positive transfer. 
When response similarity is high, the 


response set 
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acquisition of List 2 associations is rapid, 
and List 1 associations are maintained at 
relatively high strength. However, there 
is clearly some decline in the strength of 
A-B after interpolation of A-B’. As 
Barnes and Underwood have pointed out, 
the possibility that there is some extinc- 
tion of A-B during acquisition of A-B’ 
must remain open. 

The MMFR procedure is designed to 
measure associative strength independ- 
ently of the effects of list differentiation 
and response competition. Nevertheless 
the MMFR and Conventional groups 
yield comparable measures of RI and are 
equally sensitive to the differences be- 
tween the paradigms of transfer. It 
appears that in conventional recall the 
amounts of RI observed immediately 
after the end of interpolated learning are 
largely a function of associative strength 
rather than degree of list differentiation 
and response competition. The relation- 
ship between the measures of RI ob- 
tained in M MFR and conventional recall 
is likely to change, however, with the 
progressive decline of list differentiation 
as a function of time. 

The rise in intrusions following MMFR 
indicates a systematic decrease in list 
differentiation after a test in which Ss 
may give the two responses to a common 
stimulus term in either order. The fact 
that the increase in intrusions is greater 
for A-B, A-B’ than for A-B, A-C lends 
some indirect support to the view that 
mediation occurs in the former 
The associative connection between 
highly similar responses may be assumed 
to be bidirectional, i.e., the pre-experi- 
mental probability of B’-B should be 
equal to that of B-B’. : Both sequences 
occur with approximately equal fre- 
quency in MMFR. Reversal of the order 
of responses in MMFR appears to be 
conducive to competition between the 
two alternative sequences and results in 
persistent interlist intrusions and RI in 
relearning. There are presumably no 
such competing sequences in the case of 
the A-B, A-C paradigm. These effects 
of MMFR on relearning add to the 
evidence for the lack of independence 
between successive tests of retention. 


case. 





RETENTION OF FIRST-LIST ASSOCIATIONS 


SUMMARY 


This study is concerned with the changes 
in the strength of first-list associations during 
the acquisition of a second list. A mixed-list 
design was used so that for half the syllable- 
adjective pairs in the two lists the paradigm 
of transfer was A-B, A-B’, and for the other 
half, A-B, A-C. List 1 was learned to one 
perfect recitation and List 2 was practiced 
for 20 trials. To determine the availability of 
List 1 and List 2 associations at the end of 
interpolated learning, a procedure devised by 
Barnes and Underwood (1959) was followed 
and Ss were required to give both responses 
to each stimulus in an unpaced test of recall 
(MMFR). A control group learned and 
recalled a single list. Ina parallel experiment 
retention for List 1 was tested by the conven- 
tional method of anticipation. 

In agreement with the results obtained by 
Barnes and Underwood for homogeneous 
lists, the MMFR test shows a significantly 
greater reduction in the availability of List 1 
responses for the A-B, A-C than the A-B, 
A-B’ paradigm. Recall of List 2 was nearly 
perfect. These findings support the hy- 
pothesis of unlearning and make it unlikely 
that the differences in the availability of 
List 1 associations are a function of response 
sets characteristic of the two paradigms. 
The conventional anticipation method yields 
measures of RI which closely parallel those 
obtained in MMFR. It that 
under both conditions of measurement the 
amount of RI immediately after interpolated 
learning is determined largely if not entirely 
by the availability of List 1 associations. 


is concluded 
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Bush and Mosteller (1955, p. 89) 
present a descriptive model for re- 
sponse acquisition under partial rein- 
forcement which is formally identical 
with models arising from statistical 
learning theory. They assume two 
linear operators on probability which 
are applied independently, one on 
reinforced and the other on non- 
reinforced trials. The model yields 
the result that asymptotic probability 
of responding is directly related to the 
proportion of reinforced trials. This 
result may also be shown to hold for 
the asymptotic speed of running in an 
alleyway. The latter was directly 
contradicted by the finding by Notter- 
man (1951), Weinstock (1958), and 
others, that continuously reinforced 
Ss reached lower terminal speeds of 
running than partially reinforced Ss. 

Weinstock (1953, 1958) hypothe- 
sized that the effect of nonreinforced 
trials was to provide an opportunity 
for nonfunctional 
ents in the chain to be 
eliminated. Elimination of nonfunc- 
tional movements should result in an 
increase in the value of the limit-point 
of the reinforced trial operator. Wein- 
stock (1953) proposed a modification 
of the original model in which the 
limit-point of the reinforced trial 
operator is assumed, to be an increas- 
ing function of the number of non- 
reinforced trials. 


response compon- 


response 
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In the present experiment two 
groups of rats were trained to run in 
an alleyway under 50% and 100% 
reinforcement, respectively. Half of 
each group then received extinction. 
Finally, all Ss were given 100% rein- 
forcement. In the last phase of the 
experiment only the reinforced trial 
operator is applicable and the changes 
induced in the limit-point should be 
clearly exhibited. 

It was expected that both the 
partial reinforcement and extinction 
variables would lead to faster running 
and that an interaction between the 
two variables would be found. It was 
also expected that the 50% group 
which did not get extinction would 
run faster when switched to 100% 
reinforcement since the nonreinforced 
trial operator would no longer be 
applied. Finally, it was hoped that 
the differences induced in speed of 
running would correspond to dif- 
ferences in within-trial variability. 
Specifically, it was thought that 
faster running was due to conditioning 
of a response that contained 
fewer nonfunctional movements. As 
S traversed the alleyway, the succes- 
sive placements of its left rear paw 
were recorded. More general in- 
formation about the effect of rein- 
forcement schedules on the variability 


chain 


of running behavior was also sought. 


METHOD 


Subjects— The Ss were 40 experimentally 
naive female albino rats, 105 to 135 days old 
at the beginning of the experiment. 

A pparatus.—The apparatus was a straight 
alley, 10 in. wide and 36 in. long, with a 
10 X 18 in. goal box and a start box 5 in. wide 
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and 10 in. long. The height of all sections was 
8 in. An entranceway, 5 in. wide and 4 in 
long, separated the alley from the goal box 
box 
and in the goal box. A 5 X 7 in. vestibule in 
the far right corner of the goal box contained 
a drinking tube. On trials a 
sliding door, which was not visible before S 
interrupted the last photocell beam, prevented 
tube. Latency and 


Guillotine doors were used in the start 


nonreinforced 


access to the drinking 
total running time were measured 
Standard Electric .01-sec 
photocells located 2 in. from the start box and 
9 in 


Rec ords of 


using 


timers oper ated by 


inside the goal box, respectively 
the path taken by S 
obtained by means of a 20-channel “‘contact”’ 


were 


recorder in which S’s left rear paw served to 
key a thyratron circuit when the paw made 
contact with the floor. This was accomplished 
by constructing the floor of tinned « opper bus 
bars 
intervals 


embedded in insulated wood at t-in 
When the paw, which was coated 
with silver paint, made contact with adjacent 
bars a thyratron circuit was completed. Re 
sistance in the other paws was too high to 
‘ omplete the circuit 

The floor was 
checkerboard of 7 x 2 in 
these sections activated 
20-electrode paper-burn 
One of the electrodes recorded the 
position of the paw across the runway and the 
other the position down the length of the 
runway. Eleven }-in 1}-in 
ments, adjacent to the right hand wall, made 
up the width of the 
sections made up the first 12 in. of the length 
of the runway. Two repetitions of this 
matrix were used for the remaining portion 
of the runway proper and a third repetition 
permitted recording in the goal box Two 
photocells, one located 18 in. from the start 
box and the other 9 in. inside the goal box 
operated two of the remaining electrodes of 
the recorder to aid in determining when S 
moved from one section to the next. 

Procedure.—Prior to the experiment, ‘Ss 
were handled and habituated to 22 hr. water 
deprivation for 10 days. Throughout the 
experiment two trials per day with an inter 
trial interval of about 45 min. were run under 
22 hr. deprivation Reinforcement 
consisted of 10 sec. of drinking. On non 
reinforced trials S was confined to the goa! 
box for 30 sec. 


dix ided 


sections 


runway into a 
Contact 
within one of two 
electrodes of a 


recorder 


and one seg- 


alleyway. Six 2-in 


water 


trial S’s 
silver paint 
allow the paint 
the start 


cover depressed a 


Bef« re eat h 
coated with 
interval to 


left rear paw wa 
After a 
to dry, A 
the 
microswitch 


30-sex 
Was 
door 


placed in box facing 


Closing the 
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which activated a 3-sec. thermo-delay relay 
When the relay closed a solenoid was energized 
which served to release a lever which was held 
by stretched rubber bands and both timers 
were started. Movement of the lever raised 
the start-box door. 

Two Es (SJH and SW) ran half of the Ss 
each. The third E coated S’s paw with paint 
and recorded the data 

During the first four trials of the experi 
ment, S was removed from the apparatus if 
it failed to leave the start box within 20 min 
or spent more than 20 min. in the runway or 
in the goal box without reinforced 
\fter the fourth trial the removal 
were reduced to 5 min. Failure to run on 


being 
criteria 


three successive trials was used as a criterior 
for eliminating S from the experiment 
All Ss were reinforced on each of the 
12 trials. 
from the early trials Ss were assigned to four 
groups in such a way that the group means 
Group CE remained on 100°, 


first 
On the basis of running speed data 


were equal.® 
reinforcement during the acquisition period 
then given 24 trials 
Group CC remained on 100% reinforcement, 
both acquisition and during the 
subsequent 24 trials. Group PE received 50% 
reinforcement during 
received 24 extinction trials, while Group PP 
received 50°; both 
acquisition and the following 24 trials. For 
Ss receiving 50°) reinforcement 6 trials on 
which 


ind was extinction 
during 
acquisition and then 


reinforcement, during 


given were 


block of 12 


was to be 
from each 


reinforcement 
selected randomly 
trials 

Mean reciprocal running times were com 
puted for each block of six trials during the 
course of acquisition The decision to ter 
minate acquisition was based on inspection 
of these data. 
times were stable, an additional 12 trials were 


When it appeared Ss’ running 


run and the acquisition period terminated 
As a result of this procedure a total of 96 
acquisition trials Prior to the 
extinction period all Ss received 2 reinforced 
trials. A reacquisition period of 30 
followed the 24 
received 100°; 
acquisition 


were run 


trials 
All Ss 


during re 


extinction trials 


reinforcement 


RESULTS 


and running time were 
converted to reciprocals throughout 


Latency 


discarded after Trial 9 in 
the criteria 
for Group PI 
NV = 10 


One S 
act ordanc e 
described. 


was 
with previously 
Hence, V=9 


while for the other groups 
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TRIALS IN BLOCKS OF SIX 


Fic. 1. Mean reciprocal running time plotted as a function of trials in blocks of six. 


A record of successive placements of 
S’s left rear paw was obtained on each 
trial. The paw placements were 
plotted on a scale drawing of the run- 
way and connected by straight lines 
yielding an approximate path for each 
trial. The points of intersection of the 
path with lines perpendicular to the 
side walls at distances of 7, 14, 21, and 
28 in., respectively, were recorded. 
Thus, the lateral position of S (i.e., 
across the width of the runway) at 
each of the four points down the 
runway could be estimated. From 
these data a number of measures in- 
volving spatial location could be com- 
puted for each S for any block of 
trials: (a) the variability of lateral 
position across a block of trials at each 
of the four points, (b) the mean lateral 
position across all four points and 
across trials, (c) the variability of this 
mean position across trials, (d) the 


mean across trials of the variance 


within a trial computed about the 
mean position, and (e) the sum within 
each trial of the absolute deviations 
from a straight line connecting the 
start box and goal box and the average 
of these sums over trials. 

In Fig. 1 the reciprocal running 
time measure is plotted against blocks 
of six trials for all three phases of the 
experiment.® Reacquisition occurred 
much more rapidly than original 
acquisition. Group CE went from a 
level of responding below that of the 
first block of acquisition trials to a 
level about that of Group CC within 
the first block of reacquisition trials. 
The major portion of the change in 
responding for Group CE took place 
in the first three reacquisition trials. 

An analysis of variance for the last 
18 trials of acquisition yielded a non- 

6 The two trials at the end of acquisition 
on which all Ss received reinforcement are 
omitted from Fig. 1. 
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significant F (F = 2.60, df = 1/35, 
P > .05) for the difference between 
the continuous and partial reinforce- 
ment groups. The difference between 
Groups CC and PP continued to be 
nonsignificant for the 24 trials of the 
extinction phase, while the difference 
between Groups CE and PE yielded 
an F of 20.32 with 1/15 df, which is 
significant at the 5% level. 

The results of an analysis of vari- 
ance based on the last 12 trials of the 
reacquisition phase are summarized in 
Table 1. Since 7 Fs were computed, 
Hartley’s F maximum test was used 
to adjust the experiment-wise error 
rate to 5%. Pearson and Hartley 
(1954, Table 19) give the 5% value as 
slightly less than 8.21. Thus, with the 
experiment-wise error rate controlled 
at 5% the effects of the reinforcement 
and extinction variables would be 
declared significant while the inter- 
action between Es and _ extinction 
would be declared nonsignificant. It 
should be noted that the size of the 
interaction was due to a larger differ- 
between extinction and no- 
extinction groups for one E (SJH) 
than for the other (SW). The direc- 
tion of the difference was the same 
for both Es. 

Group PP 
in speed of 


ence 


showed an _ increase 
running after being 
shifted to continuous reinforcement. 


TABLE 1 


ANALYSIS OF VARIANCE FOR THI 
REACQUISITION PHASI 


Source 


Es 

Continuous vs. Partial 
Extinction vs. No-Ext. 
Es X C-P 

Es X E-NE 

E-NE X C-P 

E-NE X C-P X Es 
Within (error) 


*P <.05 
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The group’s mean level during the ex- 
tinction and the reacquisition phases 
was 0.54 and 0.63, respectively. A ¢ 
for paired measures, based on the last 
18 trials of each of the two phases, 
yielded a value of 3.04 with 9 df, which 
is significant at the 5% level. 

Sixteen analyses employing the 
measures based on S’s path were per- 
formed, 8 at the end of acquisition 
and 8 at the end of reacquisition. 
With one exception they proved to be 
nonsignificant. At the end of acquisi- 
tion the partial reinforcement group 
showed “‘significantly’’ more varia- 
bility in lateral position at a distance 
of 14 in. from the start box. While no 
method of adjusting these results to a 
5% experiment-wise error rate exists, 
common sense suggests that the result 
not be declared significant. 

Mean reciprocal running times for 
the last 12 trials of initial acquisition 
were correlated with four measures of 
Ss’ paths on the same trials. The 


correlations with running speed were: 
(a) mean position of S in the lateral 
dimension (i.e. width) of the runway, 
—.09; (6) average within-trial vari- 


ance of lateral position computed 
about the mean position, —.24; 
(c) variance of the mean lateral posi- 
tion across trials, .03; and (d) average 
sum of absolute deviations from a 
straight line connecting the start and 
goal boxes, —.20. 


DISCUSSION 


The major findings involving the time 
data of this experiment were that non- 
reinforced trials, administered either in 
an extinction or partial reinforcement 
procedure, led to a change in the terminal 
level of responding under subsequent 
continuous reinforcement. There was no 
sign of a decrease in the higher level of 
responding induced by nonreinforcement, 
which suggests that a _ nonreversible 
change in the reinforced trial operator 


has occurred. Although appropriate 
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controls were lacking, the results also 
suggest that the larger the number of 
nonreinforced trials, the greater the effect 
induced on the reinforced trial operator. 
To this extent the qualitative predictions 
stemming from a modification of the 
Bush and Mosteller model received sup- 
port. It is difficult to assess the failure 
to find the predicted interaction between 
the extinction and proportion of rein- 
forcement variables. Ideally a power 
analysis should be performed. However, 
this is impossible without a good estimate 
of the expected magnitude of the inter- 
action, which depends critically on the 
unknown parameters of the 
learning operators. 


various 


The problem of providing a theoretical 
underpining for the induced changes in 
the reinforced trial operator remains. 
One attempt in this direction (Wein- 
stock, 1953, 1958) leads to the prediction 
that the changes in speed of running 
should be reflected in a reduction of 
within-trial variability. This prediction 
received no from the 
results. 


support present 

In general, the spatial location meas- 
ures were not related either to the in- 
dependent variables investigated or to 
speed of running. The question of the 
reliability of the measures arises. To 
obtain a rough answer, values for each 
of the four major measures for Trials 86 
to 91 were correlated those for 
Trials 92 to 97. Values of .77, .66, .86, 
and —.19 were obtained for the absolute 


with 


deviations from the midline, the variance 
within a trial, the mean position, and the 
variance of the mean position, respect- 


ively. For purposes of comparison the 


correlation coefficient was also computed 


for the running time measure for the 
same blocks of trials and a value of .83 
With the exception of the 
variance of the mean position, it seems 


was obtained. 


that the measures taken were sufficiently 
reliable. 


SMITH, 


AND S. WEINSTOCK 


SUMMARY 


Forty albino rats were given two trials per 
day, separated by 45 min., in a straight alley 
under 22 hr. of water deprivation. Half of the 
Ss received 100% and half 50% reinforcement 
for 96 trials of acquisition. The two groups 
were further halved with half of each receiving 
24 extinction trials and the other half con- 
tinuing on their reinforcement schedules. 
All Ss then received 30 trials under 100% 
reinforcement. In addition to latency and 
running time measures, detailed recording was 
made, by use of a special “contact’’ recorder, 
of the path taken by S. 

The following results were obtained. At 
the end of acquisition 50% Ss were running 
more rapidly than 100% Ss but the difference 
was not statistically significant. During the 
last 30 trials of the experiment Ss who had 
had 50% reinforcement were running more 
rapidly than Ss who had had 100% reinforce- 
ment, and Ss who had had extinction were 
running more rapidly than those who had not. 
rhe 50% reinforcement Ss ran more rapidly 
after being shifted to 100° . 
were statistically significant. The interaction 
between the extinction and proportion of 
reinforcement variables was not significant 

In general the various measures of spatial 
location and variability which were taken 
showed no relation to the independent vari- 
ables and quite low correlations with speed of 
running. 


These differences 


REFERENCES 


Busu, R. R., & MosTeELLer, F. Stochastu 
models for learning. N. Y.: Wiley, 1955. 
NOTTERMAN, J. M. A study of some relations 
among aperiodic reinforcement, discrimina- 
tion training, and secondary reinforcement 

J. exp. Psychol., 1951, 42, 273-291. 

PEARSON, E. S., & HartLey, H. O. Bio- 
metrika tables for statisticians. Cambridge: 
Cambridge Univer. Press, 1954. 

WEINSTOCK, S. Acquisition and extinction of 
a partially reinforced running response at 
a 24-hour intertrial interval. 
doctoral dissertation, Indiana 
1953. 

WEINSTOCK, S. Acquisition and extinction of 
a partially reinforced running response at a 
24-hour intertrial interval. J. exp. Psy 
chol., 1958, 56, 151-158 


Unpublished 
University, 


(Received September 8, 1961 





Journal oj Experimental Psychology 
1962, Vol. 64, No. 4, 393-399 


EFFECTS OF ORIENTING TASK, PRACTICE, AND 


INCENTIVE ON 
AND 


ARNOLD 


SIMULTANEOUS INCIDENTAL 
INTENTIONAL 


LEARNING! 


MECHANIC? 


Northwestern University 


In the Type | incidental learning 
situation, S is given no instructions to 
learn but is later tested for the ma- 
terials to which he was exposed. In 
the Type II situation, S is exposed to 
two sets of materials, instructed to 
learn only one of the sets, and is later 
tested for the materials which he was 
not instructed to learn. The finding 
that there is less incidental learning in 
the Type II situation than in Type I 
has been attributed to competition 
from the intentional task for the 
limited amount of exposure time which 
is available to S (Mechanic, 1962). It 
could therefore be expected that 
certain intentional learning variables 
would adversely affect Type II inci- 
dental learning. Any experimental 
variation which focuses S on the 
intentional items should serve to 
reduce the proportion of the total 
exposure time available for responding 
to the incidental items. Examples of 
such variables would be strength of 
the incentive motivating S to learn, 
and difficulty of the intentional items. 

Bahrick (1954) and Bahrick, Fitts, 
and Rankin (1952), using nonverbal 
materials, found that the amount of 
learning irrelevant to a set is inversely 
related to the strength of the incen- 
tive determining that set. Mechanic 


1 This research was conducted during the 
writer's tenure as a National Science Founda- 
tion Postdoctoral Fellow. The writer is 
indebted to B. J. Underwood for his valuable 
suggestions and critical reading of the 
manuscript. 

? Now at Alameda State College, Hayward, 
California 


(1962), however, found that incidental 
learning of verbal items did not vary 
as a function of the difficulty of the 
concurrently learned intentional items. 
The divergence between these find- 
ings, with regard to the task-competi- 
tion hypothesis, becomes explicable 
when we consider the different orient- 
ing tasks which Ss were required to 
perform. Mechanic’s Ss were re- 
quired to pronounce the incidental 
items in order to rate phonetic simi- 
larity. Thus, competition from the 
intentional items (for the available 
exposure time) could not prevent Ss 
from responding to the incidental 
items. In Bahrick’s study, on the 
other hand, there was no specific 
orienting task which required S to 
respond to the incidental stimuli. 
The S could, for example, learn 
geometric forms intentionally without 
necessarily responding to their inci- 
dental colors, and large amounts of 
competition from the intentional task 
could result in a failure to respond to 
the incidental stimuli. 


If the above explanation is appro- 


priate, it would be expected that 
the incentive for intentional learning 
would have little or no effect on con- 
current incidental learning when the 
orienting task required that S respond 
to the incidental stimuli. This experi- 
ment is an attempt to clarify the joint 
effects of orienting task and inten- 
tional learning variables on Type II 
incidental learning. By varying the 
degree of responding to the incidental 
items required by the orienting task, 
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it should be possible to get a clearer 
picture of how intentional learning 
variables influence Type II incidental 
learning. the intentional 
learning variable that has been chosen 
is incentive, it will, at the same time, 
be possible to assess the effects of in- 
centive upon the intentional rote 


Because 


learning of verbal materials. 


METHOD 
General design.— Three orienting tasks were 
selected so as to differ in the degree of respond- 
ing that they required to the incidental 
stimuli. Two levels of incentive were used. 
In addition, two degrees of practice (number 
of presentations) were used in order to obtain 
greater generality in the evaluation of the 
incentive and orienting task variables, and 
in order to study possible interactions be- 
tween these variables and practice. Twelve 
groups of 20 Ss each were used in a standard 
3 X 2 X 2 factorial design. 

All Ss were given a list made up of 12 pairs 
of trigrams. They were instructed to learn 
one member from each pair and were dis- 
couraged from attempting to learn the other 
member of the pair. Different groups of Ss 
were exposed to the items by means of the 
three orienting tasks described below. The Ss 
were told that the two members of each pair 
were syllables from two different primitive 
languages. The first members of each pair 
were said to come from one language while the 
second members of the pairs came from the 
other language. In addition to the orienting 
task instructions, Ss were told that we also 
wanted to study the ease of learning of one 
primitive language under conditions of dis- 
traction from a second language. In this way, 
instructions to learn were given for only one 
member of each pair (intentional learning of 
one member and incidental learning of the 
other). After the list presentations, a test of 
free recall was given for all the items. Each S 
received two learning scores, one being the 
number of correctly reproduced intentional 
items and the other being the number of 
correctly reproduced incidental items. 

Orienting tasks.—Three orienting tasks 
were devised so as to produce differing num- 
bers of ‘“‘pronouncing’’ responses to the inci- 
dental items. By a pronouncing response, 
reference is made to a hypothetical response 
by S so that he reacts to the trigram as a 
single pronunciable unit. The operations 
involved in the three orienting tasks should 
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serve to further clarify this definition. The 
choice of the pronouncing response as an 
important response for rote learning is con 
sistent with the recent conclusion of Under- 
wood and Schulz (1960) that, ‘“‘emitted 
frequency is of fundamental importance in the 
integration of response elements [italics 
mine] (p. 291). The orienting task devised 
to produce maximal responding to the inci- 
dental items will be called Phonetic Similarity 
ratings (PS). To PS Ss, the experiment was 
introduced as a test of the notion that words 
meaning the same thing in different languages 
tend to sound more alike than words with 
different meanings. The Ss were asked to 
judge the phonetic similarity between the 
members of each pair of trigrams. The Ss 
were required to pronounce the members of 
each pair to themselves and to rate their 
phonetic similarity on a five-point 
Following these instructions, learning in- 
structions for only one set of items were given 
as described above. 

It may be noted that this orienting task 
required that S respond to the incidental 
items as single pronunciable units. Another 
orienting task was designed in order to, 
minimize the probability of S responding to 
the incidental items in this manner. This 
minimal responding situation will be referred 
to as Letter Cancellation (LC). The LC Ss 
were told that we were interested in the effects 
of quick changes of set upon letter cancella- 
tion performance. They were required to 
cancel out the vowels on the top language 
(pair member) and cancel out the consonants 
on the bottom language. All letters other 
than A, E, I, O, and U were considered 
consonants. The Ss were asked to work 
carefully and were not permitted to erase 
after having marked a letter. It is clear that 
this orienting task exposes S to the incidental 
stimuli without necessarily requiring that he 
respond to the items as pronunciable units. 

Having defined extreme points on a hy- 
pothetical dimension, an intermediate orient- 
ing task was selected, which will be called 
Extrasensory Perception (ESP). The ESP 
Ss were told that of the 144 possible pairings 
of the items from the two languages, 50 had 
been selected randomly and printed on cards 
These 50 cards were said to be in an envelope 
that was left on the desk in front of the room. 
The Ss were told that we wanted to check the 
contention of previous investigators that 
people could guess better than would be 
expected by chance in such a situation. They 
were required to look at each pair of syllables 
and then rate the likelihood of 
represented in the envelope \s 


scale 


its being 
with the 
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phonetic similarity judgments, the ratings of 
likelihood were on a five-point scale. This 
kind of orienting task was chosen because it 
seemed to offer some probability of S re- 
sponding to the incidental items as pronunci 
able units. At the same time, such responses 
were not required as they were in the PS 
situation, and should be of lower frequency 
for the ESP group. However, the ESP group 
could clearly be expected to more 
pronouncing responses than the LC group. 

It should be evident that the amount of 
time required to perform each of the three 
orienting tasks will vary, and that effective 
exposure times for learning will vary con- 
comitantly. Although there are no quantita- 
tive data on this issue, it is apparent from 
observations made during the experiment that 
PS ratings take the most time while LC takes 
the least time. Because both intentional and 
incidental scores were obtained from each 5S, 
it will be possible to gauge tl 


make 


he incidental 
scores for each orienting task by the corre- 
sponding intentional scores for that condition. 
The intentional scores may be thought of as 
an index of the time available for learning to 
take place under each respective orienting 
task. 

Incentive conditions —The Ss were intro- 
ductory psychology students at North- 
western University who met a course require- 
In addition, “incen- 
Ss were offered the possibility of one 
“bonus hour” toward the required total of 
10 hr. They were told that an extra hour of 
credit would be given to all Ss who learned 
more of the intentional syllables than the 
average number learned by the group. It was 
added that they would be eligible for the 
bonus only if their performance on the other 
task (orienting) met certain standards of 
acceptability. The LC and PS Ss were told 


ment by serving as Ss. 
tive”’ 


that they would be eligible for the bonus only 
if their performances met minimal standards 


of accuracy. The ESP Ss were told that they 
would not be eligible if their guesses were in 
the bottom 10% of the group. It was made 
clear, however, that half of the Ss in the group 
would win bonus hours and would be informed 
of these awards promptly. 

The “‘nonincentive” Ss were not offered 
bonus hours, but otherwise read in- 
structions identical to those of their incentive 
counterparts. Incentive Ss were questioned 
about the effects of the incentive during a 
postexperimental inquiry. Those who stated 
that they did not need the bonus hour, and 
that they did not try any harder as a result of 
the incentive, were discarded and replaced. 
The positive statements of many Ss would 


were 
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that a bonus hour has 
incentive value in the same sense as do the 
small monetary Bahrick 
1954). 

Practice conditions The list of 12 
was exposed for either two or five presenta 
presentations of the list 
involved different random orders for the set 
of 12 intentional items and the set of 12 
incidental items. As a result, the pairings of 
individual items from the two 
randomly varied from presentation to pre 
entation. This done to 
learning of incidental 
mediation of the 
pairs. 

Design 
constructed from two separate 12-unit trigram 
lists. The two 12-unit lists were equated for 
meaningfulness and made up of pro 
nunciable high-frequency items The two 
lists and their method of construction have 
been presented elsewhere (Mechanic, 1962 
For clarity of exposition, henceforth these 12- 
unit lists will be referred to as sets and the 
term /ist will refer to the 12-pair lists actually 
presented to the Ss. Each of the 12 pairsina 
list was arranged vertically with one member 
in the top position and the other member 
directly below it. This arrangement was used 
to prevent the left to right chaining whicl 
might result from the reading habits of Ss 
The top members of the pairs came from one 
of the stimulus sets while the bottom members 
came from the other set. Through presenta 
tion of the list during training, both sets of 
items were presented concurrently to S. The 
Ss were, of course, instructed to learn only 
one of the two sets. 

Five random orders were prepared for each 
of the sets. This was done to obtain different 
orders of the items with successive presenta 
tions of the list. Additionally this insured 
that the pairings of individual items from the 
two sets were randomly varied from trial to 
trial. For each of the five orders of presenta- 
tion, two variations were prepared. These 
reversed the top and bottom member posi- 
tions but were otherwise identical. 


seem to indicate 


bonuses paid by 


pairs 


tions Successive 


sets 


were 
was prevent the 
through the 
intentional members of the 


items 


detatls he 12-pair lists were 


were 


The Ss were given a number of sheets of 
paper, each covered with a strip of cardboard 
in which a cut-out window allowed exposure 
of one pair of syllables at a time in acc 
with E£’s instructions. The pairs of syllables 
on each sheet were numbered 1 through 12 
When E called out the number 1, S moved 
the window to expose the first pair of syllables 
and responded to the items in accordance with 
the requirements of the orienting task. The 
procedure was repeated for each successive 


ordance 





ARNOLD MECHANIC 


TABLE 1 


AVERAGE NUMBERS OF INTENTIONAL AND INCIDENTAL 
ItTeEMs RECALLED BY THE VARIOUS GROUPS 


Two Presentations 


Type of Item and 


Incentive Task LC 


Task ESP 


|Mean 

Incidental Items 
Normal | .70| .56! 1.90 
Augmented .65 | 1.11 | 1.30 


Total 


Intentional Items 
Normal 
Augmented 


Total 


pair until all 12 pairs on the page had been 
exposed. The pairs were presented at a 
10-sec. rate, with 20 sec. between presenta- 
tions of separate sheets. A 5-min. test of 
free recall was given 1 min. after the end of 
practice. The Ss were requested to write 
down as many of the syllables as they could 
remember regardless of whether they appeared 
in the top or bottom positions of the pairs. 
They were told to write the syllables down 
in the order they were remembered, and that 
their scores would depend only upon the 
number of correct items that they wrote 
down. When the recall test was completed, 
a postexperimental inquiry was made to 
ascertain whether S understood the instruc- 
tions, whether the bonus hour had value as 
an incentive, and whether an attempt was 
made to learn the incidental items. 

For each of the 12 groups, half the Ss 
received materials with the items from one 
set in the top positions of the pairs. For 
the other half of the group, the otherwise 
identical pairs were inverted. In addition, 
half the Ss given each variation of materials 
were asked to learn the top items and the 
other half were asked the bottom 
items. 

The Ss were tested in a large room in 
groups averaging 14 in number. Conditions 
were assigned to the groups in a random order 
for each replication of the basic experimental 
design. Instructions to learn top items were 
alternated with instructions to learn bottom 
items for the different groups serving in the 
same experimental conditions. The Ss within 
each group were assigned the two different 


to learn 


SD |Mean| SD |Mean SD 


Five Presentations 


Task PS Task ESP 


Mean SD 


1.85 : .65 | 1.93 
1.23 2.24 
1.80 

10.25 
10.30 


8.35 
8.90 
10.28 8.62 


sets of stimulus materials (top-bottom varia- 
tions) by rotation. The only restrictions on 
these procedures were to correct for equal Ns. 

Because Ss were tested in groups, extra Ss 
were obtained in 


most of the experimental 
variations. 


Those used in the analyses were 
selected at random from the total number of 
Ss in each variation. These selections were 
made after discarding Ss whose postexperi- 
mental reports indicated that they did not 
understand the instructions, that they tried 
to learn the incidental items, or that the bonus 
hour had no value as an incentive. Less than 
10% of the Ss appearing for the experiment 
were discarded for one of these reasons. 


RESULTS AND DISCUSSION 


Table 1 contains means and SDs 
for both the incidental and intentional 
learning scores for the 12 basic 
conditions. The incidental and in- 
tentional scores for any combination 
of experimental variables were ob- 
tained concurrently from the same Ss. 
Analyses of variance of the incidental 
and _ intentional 
separately. 


scores were done 

Incentive.—If incentive is to be used 
to study the effects of an intentional 
learning variable on concurrent inci- 
dental learning, it should be possible 
to demonstrate that incentive is an 
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effective variable with regard to the 
intentional items. The data in Table 
1 indicate that incentive has no 
significant effect upon intentional rote 
verbal learning (F=1.47, df =1/228). 
Therefore, it is not surprising that 
incentive for the intentional items has 
no effect upon concurrent incidental 
learning (F = .69, df = 1/228). It 
may be concluded that incentive, as 
here manipulated, is not an effective 
variable for either intentional or 
incidental learning in the Type II 
verbal learning situation. For the 
purpose of evaluating other experi- 
mental variables, the normal and aug- 
mented incentive conditions may be 
regarded as replications of the experi- 
mental design. 

Degree of practice—Both inten- 
tional and Type II incidental learning 
increase significantly as a function of 
number of presentations (F = 86.83 
and F=32.23, respectively, df =1/228, 
P < .001 in both cases). These data 


confirm earlier findings for the Type 


II situation (Mechanic, 1962). There 
are no interactions between practice 
and the other experimental variables. 

Orienting tasks——Table 1 clearly 
shows the predicted differences in in- 
cidental learning as a function of 
orienting task. With two incentive 
levels and two practice levels, there 
were four replications of the compari- 
son among orienting tasks. In every 
incidental learning increased 
directly as a function of the hypothe- 
sized number of 


sponses. 


case, 


pronouncing re- 
There were no reversals of 
order and the differences within each 
replication were of substantial magni- 
tude. The overall analysis indicates 
the highly significant effect of ori- 
enting task on incidental learning 
(F = 40.05, df = 2/228, P < .001). 


It could be argued that the effects of 
orienting task were not due to the hy- 
pothetical pronouncing dimension which 
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dictated the choice of the three tasks. 
Rather, the tasks may have differed in 
time required to perform them, with 
concomitant variation in the amount of 
exposure time available for learning. If 
this is the case, intentional learning 
should show the same relation to orient 

ing task as does incidental learning 
Previous research indicates that amount 
of intentional learning may vary with the 
nature of the orienting task (Postman & 
Adams, 1956). Again, Table 1 shows four 
replications of the comparison among 
tasks. For three of the replications, the 
order for intentional learning was directly 
opposite to that for incidental learning 
The LC Ss showed the greatest learning 
while the PS Ss showed the least learning 
The fourth replication (augmented in 
centive-five presentations) showed a re 

versal with the PS Ss scoring slightly 
higher than the ESP Ss. In spite of this 
minor reversal, the reduction in inten- 
tional learning from LC to ESP to PS is 
highly significant (F=13.55, df=2/228 
P<.001). This would seem to indicate 
that the predicted differences in inci 
dental learning are not due to the differ 
ences in time and effort required by the 
various orienting tasks. If anything, the 
predicted differences in incidental learn 
ing may be minimized because the 
orienting tasks requiring more pronounc- 
ing responses happen (when gauged by 
the intentional scores) to be more diffi 
cult, or time consuming to perform, than 
the tasks requiring 
responses. 


less pronouncing 

It cannot be concluded that these data 
favor a pronouncing response hypothesis 
without considering still another alter- 
native interpretation. Perhaps the ef- 
fects of orienting task are a function of 
how much time the orienting task re- 
quires S to devote to the incidental 
items. If an orienting task requires S to 
spend more time on the incidental items, 
it is reasonable to assume that 
exposure time will be available for the 
intentional items. This ‘“‘time’’ inter- 
pretation can explain the finding that 
from LC to ESP to PS, incidental 
learning increases while intentional learn- 
ing decreases 


less 


The data are accounted 
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for without utilization of the hypothetical 
pronouncing responses which originally 
dictated the choice of the three orienting 
tasks. However, the data in Table 1 
allow a check on this interpretation by 
means of a further analysis. It may be 
noted that at five presentations, the 
intentional means for ESP (8.35 and 
8.90) were approximately equal to the 
corresponding means for PS (8.15 and 
9.20). Whereas intentional learning did 
not decrease from ESP to PS, incidental 
learning increased greatly (2.65 and 2.35 
vs. 4.50 and 4.45). Even where the 
intentional scores were not lower, and 
could not therefore be said to reflect 
greater time available for incidental 
learning, incidental learning increased as 
a function of hypothesized number of 
pronouncing responses. 

At two presentations, it appears that 
the ‘‘time’’ interpretation is consistent 
with the data. This interpretation is 
based upon the distribution of the total 
exposure time between intentional and 
incidental learning. It implies that the 


total of intentional and incidental learn- 
ing combined should never be greater for 


a slowly performed orienting task than 
for a more quickly performed task. It 
was noted earlier that Task LC was more 
quickly performed than Task ESP which 
was more quickly performed than Task 
PS. Certainly, the time interpretation 
could not predict that the PS Ss would 
learn more total items (intentional and 
incidental combined) than the ESP Ss. 
The ESP Ss have more time for learning 
after performing the orienting task. 
Even if the ESP Ss, by spending less time 
on the orienting task, are learning less 
incidentally, they should at least make 
up for this by learning more intentional 
items in the greater time period remain- 
ing. The time interpretation would re- 
quire that the ESP Ss learn no fewer 
items than the PS Ss. 


response 


The pronouncing 
interpretation such 
requirement. 


has no 


In order to evaluate the above argu- 
ment statistically, the different incentive 
groups in Table 1 were combined to give 
40 Ss for each orienting task at each level 
of practice. For each S, the intentional 
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and incidental scores were combined to 
give a total learning score. The mean 
total learning for each orienting task 
after two presentations is 8.15, 8.50, and 
8.48 for LC, ESP, and PS, respectively. 
Comparable means with five presenta 
tions are 12.08, 11.12, and 13.15, re 
spectively. With two presentations, the 
total learning scores for the three 
orienting tasks do not differ (F = .20, 
df = 2/117). As noted above, the data 
for two presentations do not distinguish 
between the pronouncing and time inter 
pretations. While the pronouncing view 
predicts differences in incidental learn 
ing, equality of total learning could still 
result from differences in amounts of 
intentional learning permitted by the 
different orienting tasks. 

The data for five presentations argue 
against a time interpretation. The total 
learning scores of the three task groups 
show a significant degree of variation 
(F = 4.38, df = 2/117, .01 < P < .05). 
The gap between Groups ESP and PS is 
significant beyond the .01 level. Thus 
the differences in incidental learning 
among the three orienting tasks are not 
compensated for by reciprocal differ 
ences in intentional learning. Clearly, 
the differences obtained as a function of 
orienting task are not merely due to 
different distributions of S’s time be- 
tween the incidental and intentional 
items. It would seem more reasonable 
to conclude that the differences in inci- 
dental learning among the tasks are a 
function of the activities required by the 
different tasks. 

Item analysis—Underlying our view of 
the incidental verbal-learning situation 
is the assumption that learning—both 
intentional and incidental—takes place 
as a result of pronouncing responses made 
by S tothe stimulusitems. If these same 
kinds of responses underlie both inten- 
tional and incidental learning, the stimuli 
facilitating these responses should be the 
same for both forms of learning. Those 
stimulus items most frequently learned 
intentionally should also show most fre- 
quent incidental learning. There are 
data for 24 trigrams for both intentional 


and incidental learning. The frequencies 
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with which each item was given as a 
correct intentional response by 120 Ss 
were correlated with the frequencies with 
which each item was given as a correct 
incidental response by the other 120 Ss. 
The product-moment correlation across 
the 24 items was .81. For purposes of 
evaluating this correlation, r’s were com- 
puted for the 24 items between: (a) in- 
tentional learning at two presentations 
and intentional learning at five presenta- 
tions; (6) incidental learning at two 
presentations and incidental learning at 
five presentations; and (c) total learning 
at two presentations and total learning 
at five presentations. The r’s were .76, 
59, and .82, respectively. These three 
r's were computed as measures of the 
reliability of item difficulty. Clearly, the 
item by item correlation between inten- 
tional and incidental learning matches 
the reliability indices of item difficulty. 
These results are consistent with the 
belief that the same responses are re- 
quired in both intentional and incidental 
learning. In this view, instructions to 
learn increase learning because they 


facilitate the performance of the appro- 


priate responses. 


SUMMARY 


I'ype II incidental learning refers to the 
situation in which S is exposed to two seté of 
materials, instructed to learn only one of the 
sets, and is later tested for the materials which 
he was not instructed to learn. It may be 
expected that such learning will vary with: 
(a) the orienting task by which S is exposed 
to the incidental! items; (6) the incentive for 
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the concurrent intentional items; and (c) the 
number of presentations. Twelve verbal 
learning groups of 20 Ss each were run in a 
standard 3 X 2 X 2 factorial design, with the 
variables being orienting task, incentive, and 
number of presentations, respectively. Sepa- 
rate scores were obtained for intentional and 
incidental learning from each S. Incentive 
was found to have no effect on either inten- 
tional or incidental verbal learning. In 
agreement with previous results, both kinds 
of learning increased reliably with number of 
presentations. Incidental learning increased 
reliably as a function of the hypothesized 
number of pronouncing responses required by 
the orienting task. After considering alterna- 
tive explanations, it was concluded that the 
nature of the responses required of S by the 
orienting task are of crucial importance for the 
amount of incidental learning which occurs 
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INHIBITION OF 


R-S ASSOCIATIONS! 
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Consider the S-R association that is 
formed during the learning of a paired- 
associate list (A-B). If a second list, 
bearing an A-C relationship to the 
first list (i.e., stimuli same, responses 
different), is interpolated between 
A-B learning and subsequent A-B 
recall, the A-B association appears to 
go through an extinction process 
(Barnes & Underwood, 1959; Briggs, 
1954). This finding can lead to the 
assumption that extinction will occur 
whenever an A-B, A-C interference 
paradigm exists. Furthermore, nega- 
tive transfer on the A-C list appears 
to be associated with, and may be 
caused by, extinction of the first-list 
S-R associations. Finally, it seems 
apparent that retroactive inhibition 
(RI) in recall which occurs immedi- 
ately after interpolated learning, will 
be primarily determined by the 
amount of extinction occurring during 
the learning of the second list. 

It is an accepted fact that in con- 
junction with the formation of S-R 
associations, R-S or backward associa- 
tions may also develop (e.g., Richard- 
son, 1960). In transfer studies, con- 
flicting backward associations may be 
responsible for negative transfer in 
certain paradigms, particularly in the 
A-B, C-B paradigm (stimuli different, 
responses identical). It can be seen 
that if a backward association devel- 
ops in learning A-B, and if, similarly, 


a backward association is to develop 
in learning C-B, the backward associa- 
tion of List 1 (B-A) will interfere with 


1 This work done 
Nonr-1228 (15), Project 
Northwestern University and 
Naval Research. 


was under Contract 
154-057 between 


the Office of 


the learning of the backward associa- 
tion in List 2 (B-C). In effect, the 
backward associations in the A-B, 
C-B paradigm form an A-B, A-C 
paradigm. If the R-S associations 
between two lists form an A-B, A-C 
paradigm, it seems quite possible that 
the R-S (B-A) associations of List 1 
may also be extinguished in the same 
fashion as the S-R (A-B) associations. 
Barnes (1960) has inferred this ex- 
tinction and she accounts for certain 
transfer phenomena by it. More 
particularly, Barnes inferred three 
different types or classes of associa- 
tions which are subject to extinction 
whenever they complete an A-B, A-C 
paradigm between two lists: (a) for- 
ward, (b) backward, and (c) contex- 
tual associations. The present study 
provides a more direct test of the 
effect of extinction of R-S associa- 
tions; in effect, it will be a study of 
RI of backward associations. Four 
paradigms will be used; if List 1 
learning is symbolized as A-B, then 
the four paradigms may be distin- 
guished in terms of List 2 symbols and 
their relation to List 1. Expectations 
concerning the RI of List 1 R-S 
associations for the four paradigms 
may now be stated. 

A-B, A-C paradigm.—In learning the A-C 
list, no A-B, A-C paradigm is set up for the 
backward association, B-A; hence, no extinc- 
tion of B-A is to be expected. This prediction 
implies complete independence between the 
forward and backward associations. How- 
ever, to the extent that these two associations 
are nonindependent, RI of the B-A associa- 
tion will be affected by the extinction of the 
A-B association, since an A-B, A-C relation 
is obviously present for the forward associa- 
tion. The A-C paradigm offers an assessment 
of this independence since the only possible 
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source of extinction of the B-A association 
lies in the extinction of the A-B association. 

A-B, A-Br paradigm.—In this paradigm 
List 2 contains the same stimuli and responses 
as List 1, but the stimulus and response terms 
are paired differently than in List 1. In 
learning the A-Br list an extinctive relation- 
ship (A-B, A-C) is formed for the backward 
association, i.e., B-A, B-Ar, so that RI of the 
B-A association is to be expected in this 
paradigm. In addition, further RI will be 
produced to the extent that the A-B, A-C 
relationship for the forward 
directly affects the backward association. 
Since both the A-C and A-Br paradigms 
contain an extinctive relationship for the 
forward association while a similar relation- 
ship for the backward association is present 
in the A-Br paradigm only, a comparison 
between these two paradigms will provide a 
direct test of the hypothesis that extinction 
of the backward association can occur. 

A-B, C-D_ paradigm—tThis paradigm 
specifies the learning of two unrelated lists and 
may provide for a third type of association 
which is subject to extinction. Although an 
A-B, A-C relationship exists neither for the 
backward association nor the forward associa- 
tion for item pairs, there is the possibility of an 
extinctive relationship being set up between 
contextual cues and the stimuli of the two 
lists. In the learning of a list of paired 
associates, the responses must first be ac- 
quired before they enter into an associative 
connection (Underwood & Schulz, 1960). In 
the same manner, when the backward associa- 
tion is measured, the stimulus term must 
necessarily have been acquired as a response 
Although it is not known to 
what stimulus either the response term or the 
stimulus term are attached when learned in 
this sense, it can be assumed to be some 
aspect of the experimental context, e.g., the 
memory drum, the experimental room, etc. 
If the association between contextual cues 
and the stimuli of List 1 are represented as 
A-B, an A-B, A-C relationship is formed 
during the learning of List 2 since a different 
set of stimuli (C) must now be attached to the 
contextual cues (A). It is in this 
manner that the contextual association is 
thought to provide for a potential class of 
extinction-susceptible associations. At any 
rate significant RI of the backward association 
for this paradigm can be taken as support for 
the existence of this third class of associations. 

A-B, C-B paradigm.—In this paradigm 
two types of associations which can form an 
A-B, A-C association may be identified and 
predicted to contribute to the RI of the B-A 


association 


if it is evoked. 


same 
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association, namely, the backward association 
and the contextual association. The potential 
A-B, A-C relationships for these two classes 
of association already have been elaborated 
above. As with the first two paradigms 
listed, the C-D and C-B paradigms allow for 
a direct test of the extinction of the backward 
association ; that is, the contextual association 
as a source of extinction is held in common 
for the two paradigms so that greater RI is 
the C-B paradigm will indicate direct ex 
tinction of the R-S association 


METHOD 


Design.—The design was essentially iden 
tical to that employed by Barnes (1960 
Since an RI paradigm was employed, all Ss 
received List 1; 
differentiated only by the construction of 
List 2. The four transfer paradigms of A-B, 
C-D; A-B, C-B; A-B, A-C; and A-B, A-Br 
were represented. A control group (Group C 
received the single A-B list and was used to 
measure the amount of stimulus recall possiblk 
following an interval equal to the time that 
List 2 was presented to the transfer groups. 

Lists—The same materials constructed by 
Barnes were used in the present study. Eacl 
list consisted of eight nonsense syllable- 
adjective pairs. The stimuli for all lists 
consisted of nonsense syllables of 53° to 73°; 
Glaze association value with intralist simi- 
larity and, where applicable, interlist simi- 
larity at a minimum. wert 
common adjectives having minimal intralist 
and interlist meaningful similarity Four 
orders of presentation were constructed for 
each list to minimize serial learning of the 
responses; each order was used as a starting 
order an equal number of times for each 
condition. 

Subjects —Twenty Ss were placed in each 
of the five groups. To assure random assign- 
ment of Ss, the five experimental conditions 
were randomized 20 times so that in each of 
the 20 blocks of 5 Ss, each condition occurred 
once. 


the same the groups wert 


Responses 


The Ss were assigned to the experi- 
mental conditions in the order ¢ 
in the laboratory. 
undergraduate psychology courses for whom 
serving in experiments was a class require- 


I appearance 
The Ss were students of 


ment. Most Ss had previously 
other paired-associate experiments; however, 
none had experienced an RI paradigm nor had 
been 
recall. 
Procedure.—The paired were 
presented on a memory drum by the anticipa- 


tion method at a 2:2 sec. rate \ 


served in 


‘iven a procedure involving stimulus 
associates 


4-sec. 
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TABLE 1 
MEAN R-S RECALI 


Groups Mean 


A-Br 

A-C 

C-B 
Control 


intertrial interval was employed. List 1 
learning was taken to a criterion of one perfect 
recitation. For all groups except the control, 
a 1-min. rest was given during which time 
List 2 was positioned on the memory drum. 
List 2 was administered for 15 anticipation 
trials. Group C, after reaching List 1 cri- 
terion, was given a corresponding 1-min. rest 
and then instructions for the interpolated 
“rest’"’ activity (the pyramid puzzle). The 
pyramid puzzle was continued for 9} min., 
an interval equivalent to the time spent by 
the transfer groups on List 2. Following the 
completion of either List 2 learning or the 
interpolated rest activity, a 2-min. free-recall 
test was presented in which S wrote down the 
List 1 stimuli opposite the appropriate List 1 
responses listed on a dittoed sheet. The 
ordering of the responses on the sheet corre- 
sponded to the ordering that S would have 
received had List 1 learning been continued 
beyond criterion. An attempt was made to 
insure that all Ss understood what was 
required on the recall test prior to the 
commencement of the test. No S failed to 
reach List 1 criterion, while 1 S was dropped 
for failure to follow anticipation instructions, 
and 1 S failed to follow recall-test instructions. 


RESULTS 


The mean number of trials to reach 
criterion on List 1 for the five groups 
ranged from 10.55 to 15.10. An 
analysis of these means, however, 
failed to reach significance (F = 1.68, 
df = 4/95, P > .05). Although not 
of primary interest in the present 
experiment, the performance of the 
transfer groups on List 2 revealed 
Group C-D to be superior to all groups 
throughout the 15 acquisition trials of 
List 2, and Group A-Br to be generally 
inferior. These results are quite in 
line with those of previous investi- 


gators (Barnes, 1960; Twedt & Under- 
wood, 1959). 

In measuring for the presence of 
backward or R-S associations, S was 
given the response terms of the A-B 
list and was asked to supply the stim- 
ulus terms paired with them during 
original learning. Only if a stimulus 
term was placed with its appropriate 
response term was a backward associa- 
tion said to have been demonstrated. 
The mean number of R-S associations 
for each group is shown in Tabie 1. 
The score for Group C, which is ap- 
proximately 72.5% of the maximum 
possible (8.00), represents R-S recall 
without any apparent possibility of 
extinction of R-S associations. In- 
spection of Table 1 shows all transfer 
groups to have suffered some degree 
of RI when compared to Group C. 
An analysis of variance of the recall 
scores produced highly significant 
variation (F = 13.70, df = 4/95, 
P < .001). Comparison of means 
were made using the within mean sum 
of squares to estimate the standard 
error (cgirre = .59); only the differences 
between Group A-C and Groups C-D 
and C did not prove to be reliable. 

A problem of method arises in the 
interpretation of certain of the differ- 
ences between means. An unavoid- 
able procedural difference between 
Groups A-Br and A-C and the other 
three groups is the fact that the former 
groups received 15 more exposures to 
the A stimulus terms than did the 
latter groups. Increased exposure to 
the A terms during List 2 learning 
may make these terms more available 
to S at recall. This does not mean 
that the B-A associations will neces- 
sarily be stronger, but only that the 
A terms might be more available as 
responses at recall. This, in turn, 
might increase the number of “hits” 
if S guessed. There is, thus, the 
distinct possibility that, relative to 
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Groups C-B and C-D, the amount of 
RI for Groups A-Br and A-C is under- 
estimated. 

The results for the four transfer 
paradigms may now be assessed in 
terms of the three classes of associa- 
tions thought to be susceptible to ex- 
tinction whenever an A-B, A-C asso- 
ciation is formed. The fact that 
significant RI was not obtained in 
Group A-C (¢ = 1.27,df = 95, P > .05) 
suggests that extinction of the A-B 
association does not result in the ex- 
tinction of the corresponding B-A 
association as indexed by subsequent 
R-S recall. It is possible, however, 
that the methodological problem dis- 
cussed above would result in an over- 
estimation of the amount of recall for 
Group A-C through an increase in the 
number of stimulus terms available 
to S. Without any data concerning 
the extent to which the recall scores 
are inflated by guessing, it can only be 
tentatively concluded that extinction 
of the S-R and R-S associations 
represent two independent processes. 

A comparison of the recall for 
Groups A-Br and A-C will not be 
biased due to differential stimulus- 
terin exposure because both groups 


had the same number of exposures. 
Since both groups contain the S-R 


factor in common, the 
significant difference in R-S recall for 
these two groups (t = 2.80, df zz 95. 
P < .01) may be taken as one indica- 
tion of an extinction of R-S associa- 
tions when these associations form an 
A-B, A-C paradigm. 


extinction 


The final critical comparisons are 
between Groups C-D and C-B. Since 
Group C-D contains only the con- 
textual extinction factor and Group 
C-B both the contextual and R-S 
extinction factors, the greater RI for 
Group C-B (t = 4.66, df = 95, P < .01) 
indicates again that the R-S associa- 
tion can be extinguished. The fact 
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that the contextual associations are 
involved in the recall of Groups C-B 
and C-D is shown by the comparison 
between Groups C-D and C (t = 2.03, 
df = 95, .01 < P < .0S). 


DISCUSSION 


This study was designed to study RI 
of backward (R-S) associations. The 
evidence presented makes it clear that 
when R-S associations between two 
successively learned lists form an A-B, 
A-C paradigm, RI of List 1 R-S associa 
tions may occur. Indeed, in the A-B, 
C-B paradigm, the magnitude of the RI 
was great; a difference of about four 
items was apparent between the control 
condition and recall of List 1 R-S associa 
tions with this paradigm. In line with 
certain previous interpretations of RI of 
S-R associations (Barnes & Underwood, 
1959), the RI of R-S associations in the 
present experiment has been interpreted 
as being due to an extinction or un 
learning of the R-S associations of the 
first list during the learning of the 
second. Certain issues related to such an 
interpretation require further discussion 

The fact that the A-Br paradigm 
resulted in a significant decrement in 
recall of R-S associations strongly implies 
an extinction process of specific R-S 
associations in the first list. Indeed, the 
amount of decrement observed is prob- 
ably underestimated in the present 
experiment. As noted earlier, stimulus 
terms should be more available in this 
paradigm than in the control condition 
because of the greater number of trials 
they were presented. This could result 
in more correct R-S pairings based on 
guessing alone. That guessing might 
have occurred is suggested by the fact 
that in 22 instances Ss gave a correct 
stimulus term but paired it with the 
wrong response term, and in only 1 of 
these 22 cases was the pairing appropriate 
to the association learned in List 2. Of 
course, if guessing did occur it may have 
been heightened because R-S associations 
of the first list had indeed been extin- 
guished ; Ss knew the stimulus terms but 
extinction of the specific R-S associations 
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left them with no appropriate pairing 
tendencies. Such an_ interpretation 
might be supported by the fact that in 
the A-C paradigm only 9 stimulus terms 
were paired incorrectly and in this para- 
digm frequency of stimulus-term ex- 
posure was equal to that of the A-Br 
paradigm, but extinction of R-S 
associations should have occurred. 

addition to extinction of R-S 
associations between pairs of items in the 
two lists, it has been suggested that 
another source of extinction may con- 
tribute to the observed recall decrement, 
namely, extinction of contextual associa- 
tions. The extinction of such associa- 
tions is said to be the sole source of 
decrement in the C-D paradigm. For 
this paradigm it is said that in learning 
A-B, the stimulus term A is originally 
associated with contextual cues, but that 
during C-D learning the associations be- 
tween the A terms and the contextual 
cues are extinguished and are replaced 
by associations between the C terms and 
contextual cues. It should be noted that 
this process alone will not account for 
the decrement in recall of the B-A 
association for this association per se has 
not been extinguished. It is clear, there- 
fore, that further assumptions are needed 
in order to mediate the findings if ex- 
tinction of contextual associations is to be 
retained as a notion. There are 
several alternative assumptions which 
may be added and which would satis- 
factorily mediate the findings. However, 
it seems most apparent that the critical 
need at the present time is not further 


no 


In 


basic 


assumptions; rather, what is needed is 
experimental of 


in 


contextual 
order to 


simulation 


cues (hence associations) 


bring them under laboratory control and 
thus determine whether or not the basic 


notion (extinction of contextual associa- 
tions) is sound. 

Finally, it should be pointed out that 
just as in the case of presumed extinction 
of S-R associations (Barnes & Under- 
wood, 1959), the reason why all R-S 
associations are not extinguished is not 
known. 
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SUMMARY 


This experiment investigated RI of back- 
ward or R-S associations. Various interlist 
relationships were studied on the premise that 
first-list R-S associations, like S-R 
tions, would be subject to extinction if the 
R-S associations for the two lists formed an 
A-B, A-C interference paradigm. All Ss 
learned the same first list of paired associates 
which had nonsense syllables as stimulus 
terms and adjectives as response terms. Four 
different groups (20 Ss each) then learned a 
second syllable-adjective list, the groups being 
differentiated by the nature of the interlist 
paradigm formed, these being: C-D, C-B, 
A-C, and A-Br. Following acquisition of the 
second list, S was allowed 2 min. to write 
down the stimulus terms from the first list 
opposite the appropriate first-list response 
terms. A control group was given no second 
list. 

All groups showed significant RI in R-S 
recall except the group learning the lists 
forming the A-B, A-C paradigm. No source 
of extinction of R-S associations for this 
paradigm is apparent and extinction of the 
S-R association does not affect the R-S 
association. Maximum RI was shown for 
A-B, C-B; this paradigm may involve extinc- 
tion of specific R-S associations as well as 
contextual associations. The A-Br paradigm, 
involving only extinction of specific R-S 
associations, produced more RI than did the 
A-B, C-D paradigm; this latter paradigm is 
assumed to involve a decrement 
only from extinction of 
sociations. 


ass¢( cla- 


resulting 
contextual as- 
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Consider a paired-associate list in 
which the stimulus term for each re- 
sponse consists of two distinct com- 
ponents, A and B. Both components 
are consistently present on each 
learning trial. Assuming that learn- 
ing occurs in this situation, there are 
many possible interpretations which 
may be given as to what the effective 
stimulus or cue is for each response. 
It might be said that the effective cue 
is a configuration formed by A and B. 
Or, it might be said that each com- 
ponent is independently a cue for the 
response ; that one or the other com- 
ponents is the effective cue, but not 
both, and so on. 

The present study is predicated on 
the notion that when a complex stim- 
ulus is presented to S a selection 
process may occur so that the effective 
cue for the response is some com- 
ponent of the complex stimulus that 
is actually presented. Thus, the 
assumption is that there may be 
a discrepancy between the nominal 
stimulus (the stimulus actually pre- 
sented S) and the functional stimulus 
(the component of the nominal stim- 
ulus which becomes the effective cue 
for response elicitation). That such 
discrepancies may exist is suggested 
by the reports of Ss that they have 
used only a single letter of a three- 
letter stimulus as the effective cue 
(Underwood & Schulz, 1960). Such 
discrepancies might also be inferred 
from the so-called context experi- 
ments (e.g., Weiss & Margolius, 1954) 
in which the removal of a component 
of a compound nominal stimulus pro- 
duces a decrement in recall, although 
such studies offer other interpretative 


possibilities, e.g., the functional stim- 
ulus is a configuration and the removal 
of any component reduces the effective 
associative strength. 

If cue selection occurs—if only a 
part of a compound stimulus becomes 
the functional stimulus—certain vari- 
ables should influence the selection. 
The hypothesis tested in the present 
experiment is that given two com- 
ponents of different classes as the 
nominal stimulus, the more meaning- 
ful component will become the func- 
tional stimulus. This hypothesis 
seems very close to the notion of dif- 
ferences in discriminability as a vari- 
able determining stimulus selection, 
a notion suggested by Sundland and 
Wickens (1962), and for which some 
experimental support was obtained. 

The particular predictions for the 
present study may now be specified. 
Two lists for original learning were 
constructed. The stimulus compound 
for one list consisted of colors and low- 
meaningful trigrams; for the other 
list the compound consisted of colors 
and common three-letter words. For 
the first list it was assumed that the 
colors were more meaningful than the 
trigrams; therefore, the functional 
stimuli should be the colors. In the 
case of the word-color compound it 
was assumed that the words were 
more meaningful than the colors, 
hence, the functional stimuli should be 
the words. (It would have been more 
precise to have used two sets of verbal 
units of known meaningfulness for the 
compounds, but the use of colors was 
recommended by the desire to keep 
the experiment continuous with the 


context experiments.) Given the 
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above assumptions, it was predicted 
that following the learning of the list 
with the trigram-color compounds, 
very little decrement would be 
served if the trigrams were removed 
on a transfer test, but that a great 
loss would appear if the colors were 
removed from the compound. 
trariwise, in the case of the word-color 
compounds, removal of the words on a 
transfer test would result in a large 
loss but removal of the colors would 
have little effect on transfer 
formance. 


ob- 


Con- 


per- 


METHOD 


[he general procedure required that half 
the Ss learn an original list with trigram- 
color compound stimuli, and half learn a list 
with word-color stimuli. To test for each 
component separately on a transfer list re- 
quired four groups. However, to determine 
precisely the amount of decrement occurring 
required two control groups for which the 
stimuli on the transfer test were the same as 
m original learning. Thus, the design called 
for six groups. Let W stand for words, T for 
irigrams, and C for colors, and the symbols 
before a hyphen designate the stimulus during 
original learning, those after the hyphen the 
stimulus on the transfer test. The six groups 
are, therefore: WC-WC and TC-TC (the two 
control groups); WC-C and TC-C (only color 
stimuli on transfer test); WC-W and TC-T 
(the verbal units appear alone as the stimuli 
on the transfer test). 

Lists —The materials for the lists are 
shown in Table 1. Each list consisted of 
seven pairs. The three-letter words ail have 
\A ratings in the Thorndike-Lorge (1944) 
list except the word GAs, which is rated A. 
[he trigrams have quite low associative con 


TABLE 1 


STIMULUS COMPONENTS USED IN THE LISTS 





Words 


GAS 


Trigram Colors 
GWSs 
DAY DWK 
NEW NXQ 
DIE DHX 
BAD BWD 
GOT GVS | 
BXD 


Brown 
Yellow 
Blue 
Orange 
Black 


Green 


HAM, 
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TABLE 2 
MEAN NUMBER OF TRIALS TO CRITERION ON 
ORIGINAL LEARNING AND MEAN NUMBER 
oF Items Lost ON First 
TRANSFER TRIAL 





Original Learning Transfer 


Mean 


WC-WC 8.80 
WC-W 8.00 
WC-C 9.20 
C 11.55 

10.00 


r 
I 
r 10.00 


*~T 
>-T 
“C 


between letters as based on the 
Underwood-Schulz (1960) tables. It should 
also be noted that the trigrams have relatively 
high formal similarity as indexed by repeated 
letters. The purpose of this was to minimize 
the possibility that a single letter (such as the 
first letter) might become the functional 
stimulus. The frequency of repeated letters in 
the word list is about the same as for the 
trigrams and the repetitions are in the same 
positions. Both lists have the same initial 
letters. 

The color components were made of con- 
struction paper and pasted on the vellum 
tape. Rectangular frames of color com 
pletely surrounded the verbal unit, the width 
of the frame being approximately } in. When 
the color was the only component on the 
transfer test the frame appeared exactly as it 
had during original learning, the verbal unit 
having been removed. The particular colors 
paired with particular verbal units appear in 
the same row in Table 1. The response terms 
were the single digit numbers 2 through 8. 

On both learning and transfer trials the 
rate of presentation was 2 sec. for the stim- 
ulus alone, and 2 sec. for the stimulus and 
response together. Four different orders of 
the pairs were used. Anticipation learning 
was used throughout. 

Procedure. I he 


nections 


original learning was 
carried until the S achieved one perfect 
recitation of the list. The transfer tests were 
carried for 10 trials with S instructed to give 
as many correct responses as possible on the 
first transfer trial. The usual paired-associate 
instructions were given prior to original 
learning. In addition, S was told that both 
the word (or trigram) and color would appear 
consistently together from trial to trial. The 
intent of these instructions was to inform S 
of the nature of the stimulus compound with- 
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out, at the same time, biasing him toward 
“using’’ one or the other components. Prior 
to the transfer trials S again was fully in- 
formed as to the nature of the stimulus which 
would be present on these trials. Approxi- 
mately 45 sec. elapsed between original 
learning and the first transfer trial. 

Each of the six groups contained 20 Ss 
Twenty blocks were made up such that each 
condition occurred once within each block, 
with the order of the six conditions within a 
block being randomly determined. The Ss 
were then assigned to the schedule in terms 
of their appearance at the laboratory. No S 
was lost for failure to learn. 


RESULTS 


trials to 
attain the criterion on original learn- 
ing are shown in the left portion of 
Table 2. Differences among the three 
WC groups and among the three TC 
groups represent random variation, 
the F being less than 1 in each case. 
For the 60 WC Ss the mean is 
8.67 + .63, and for the 60 TC Ss, 
10.52 + .65. The difference (1.85 
+ .90) gives a t of 2.06, which is just 
past the 5% significance level. 

The mean performance on each 
transfer trial is shown in Fig. 1. The 
left-hand the T¢ 


The mean numbers of 


section refers to 


= 
1 2 
TRANSFER TRIALS 


\cquisition curves on the 10 transfer trials. 


groups, the right-hand section to the 
WC groups. For the TC groups it can 
that when 
used as 


be seen the colors alone 
were stimuli, transfer was 
virtually complete; the performance 
of this group is only slightly below the 
control (TC-TC), thus indicating that 
the alone were completely 
effective functional stimuli. If only 
the color component was the func- 
tional stimulus, performance of Group 
TC-T should start at zero. It does 
not. For at least some Ss the trigrams 
were also functional 
least a few responses. 
The right-hand section of Fig. 1 
shows that for the WC groups neither 
the words nor the colors developed 
complete effectiveness. The colors 
are less effective than the words, but 
the words alone show some 
compared with the control. 
The clearest inferences concerning 
the functional stimuli in original 
learning can be made from the per- 
formance on the first transfer trial. 
Since Group TC-TC showed a larger 
criterion drop than did Group WC- 
WC, loss scores have been calculated. 
To do this, each S’s score on the first 


co yl Ts 


stimuli for at 


k SS AS 
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trial was subtracted from the mean 
score of the appropriate control group. 
These loss scores are shown in the 
right section of Table 2. A 2 XK 2 
analysis of variance was performed 
on these scores, using as one classifica- 
tion variable TC and WC as identified 
in original learning, and as the other, 
colors and verbal units on transfer. 
Only the interaction F was significant, 
being 25.31; with 1 and 76 df, the F 
needed for the 1% significance level 
is approximately 7.00. Thus, the 


predictions that for the TC lists the 
colors would become the functional 
stimuli and that for the WC lists the 
words would become the functional 
stimuli, are given some support. 


DISCUSSION 


The transfer tests for the TC com- 
pounds showed that color alone was a 
completely effective functional stimulus. 
This fact precludes an interpretation of 
the functional stimulus as being a con- 
figuration. However, it was noted that 
the trigram stimuli were not completely 
ineffective on the first transfer trial. 
There are at least two possible inter- 
pretations of this finding. First, it may 
mean that some trigrams, quite in- 
dependently of the color component, 
become associated directly with the re- 
sponse term. Secondly, it may mean 
that some associative connection may 
have developed between the color and 
trigram components of the stimulus 
compounds. Thus, when the trigram is 
presented, the correct anticipation is 
mediated by associations running from 
the trigram to the color to the response 
term. The present data do not allow a 
choice between these two alternative 
interpretations. 

The transfer data following learning 
of the WC lists raise three interpretative 
problems. First, it was noted that 
transfer was greater when the words 
became stimuli than when the colors 
became stimuli. Two circumstances 
could lead to this finding. (a) Most Ss 
in original learning used words as stimuli 
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for all associations but a few Ss used 
colors as stimuli for all associations. 
(b) All Ss used words as stimuli for most 
associations during original learning but 
used color as stimuli for a few associa- 
tions. Given a large number of Ss a 
choice between these two alternatives 
could be made by examining the distribu- 
tions of scores on the first transfer trial. 
If the first of the two possible explana- 
tions is appropriate, the distributions 
should be bimodal when words alone or 
when colors alone are stimuli on the first 
transfer trial. If the second alternative 
is appropriate, each distribution should 
be continuous. Actually, bimodality is 
suggested in the present distributions but 
with only 20 cases in each this may be 
quite fortuitous. 

The second interpretative problem is 
the same as that posed for the TC com- 
pounds where the data show that for 
some associations for some Ss both the 
trigram and the color elicited the re- 
sponse. Such dual functionality may 
also be deduced from the data for the 
WC compounds. On the first transfer 
trial a mean of approximately 5.0 correct 
responses occurred when the words were 
presented alone and 3.8 when the colors 
were presented alone. These two values 
sum to 8.8, which is appreciably higher 
than the mean of 6.3 shown by the 
control Ss on the first transfer trial. 
Clearly, dual functionality of the two 
components obtained for at least some 
Ss. However, just as in the case of the 
TC compounds, this apparent duality 
may result from direct associations be- 
tween the components and the response 
term or it may result from mediation 
between the stimulus components. 

The third interpretative problem pre- 
sented by the results of the WC com- 
pounds is the fact that the words showed 
greater transfer than did the colors. As 
stated in the procedure section, it was 
believed that the words would be more 
meaningful than the colors. We have no 
independent evidence for this and it may 
not be valid. The Ss, being much more 
practiced in dealing with word stimuli 
than with patches of color as stimuli, 
may be biased toward the selection of the 
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verbal stimuli. The data are quite in 
harmony with such a notion. However, 
a somewhat different approach may be 
taken to the problem. An empirical test 
can be made to determine which stimulus 
compound leads to most rapid learning 
when this learning is not preceded by 
learning in which the compound is 

To determine this three new 
of 15 Ss run. One 
group learned the trigram-number pairs, 
a second the word-number pairs, and the 
third the color-number pairs. The mean 
total correct responses in 10 trials were 
38.80 + 3.61, 51.20 + 3.52, and 50.40 
+ 2.19, respectively. While the F is 
significant far beyond the 1% level it is 
clear that most of the variance is pro- 
duced by the trigram-number pairs. The 
words and colors do not differ appreciably 
in their The 
small words 
occurred three 


present. 


groups each were 


stimuli. 
favor of the 
primarily on the first 


effectiveness as 
difference in 


trials. 


Thus, it seems quite reasonable 
to conclude that when S is given a com- 
pound consisting of common words and 
colors, he is likely to select the words as 
functional stimuli, not necessarily be- 


cause they are more meaningful, but 
because he is more accustomed to dealing 
with such stimuli. 

Finally, it may be stated that the re- 
sults of the present experiment, taken in 
conjunction with the study by Sundland 
and Wickens (1962), would seem to 
indicate that it may be more fruitful to 
view the so-called context experiments as 
experiments investigating the variables 
determining cue selection. 


SUMMARY 


This experiment was based on the assump 


tion that when S is presented a compound 
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stimulus in a verbal-learning experiment, cue 
selection may occur. Word-color or trigram- 
color compound stimuli were used in learning 
original paired-associate lists with numbers as 
responses, followed by a transfer test in 
which one or the other components alone was 
presented as the stimulus. Control groups 
were also used, these groups being given 
further trials with the original compound 
stimuli. 

The results show: 

1. For the trigram-color compounds, color 
was a completely effective stimulus on the 
transfer test. The trigrams, however, also 
produced a small positive transfer effect 
The selection of the color component as the 
primary functional stimulus was assumed to 
be due to its higher meaningfulness. 

2. For the word-color compounds, transfer 
was higher when the words appeared alone 
than when the colors appeared alone. This 
may be due to a bias Ss have toward dealing 
with verbal material (as compared with the 
color patches used) rather than to higher 
meaningfulness of the words 

It was concluded that experiments dealing 
with the effects of context changes on reten 
tion may be viewed as representing cases of 
cue selection. 
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CONSUMMATORY AND INSTRUMENTAL 


RESPONDING 


AS FUNCTIONS OF DEPRIVATION! 


GEORGE COLLIER 
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The present study investigates the 
conjoint effect of deprivation on in- 
strumental and consummatory re- 
sponses. 


METHOD 


A pparatus.—Eight Skinner boxes deliver- 
ing liquid reinforcement were used (Collier & 
Myers, 1961). Electronic switches sensed 
each lick made in the magazine cup. Bar 
(BP), reinforcements, and licks were 
recorded by an Esterline-Angus recorder. 

Subjects.—The 12 Ss were naive rats, 120 
days old, of the Sprague-Dawley strain 
(Holtzman Company) maintained on Purina 
lab chow and tap water. 

Procedure.—Two groups of six rats were 
formed. The first (H) was fed for 1 hr. after 
running. The had its food re- 
moved 3 hr. before running and replaced im- 
mediately after running. From Day 14 to 
Day 17 Group H received 15 mg. of food per 
day. From Day 17 to the finish they received 


presses 


second (L 


TOTAL BP 


WEIGHT (GM) 





DAYS 


Fic. 1. Total daily bar presses and weight 
of Ss as a function of deprivation. 


1 This investigation was supported in part 
by Research Grant M-3328, from the Na- 
tional Institute of Mental Health, Bethesda, 
Maryland. 


10 gm. per day. These changes were required 
to keep Ss’ weights relatively constant. 

Each S received 5 days of table training, 
handling, and deprivation accommodation 
followed by 4 days of magazine training, 
10 days of reinforced BP on a 1-min. fixed 
interval (FI), and 3 days of extinction. Dur- 
ing reinforced bar pressing all Ss were given 
.3 ml. of 16% sucrose solution per reinforce- 
ment. Thus, since by the fifth day of bar 
pressing all reinforcements possible were 
presented and all those presented were taken, 
each S received 15.6 ml. of solution per day 
in the 52-min. test period. 

All Ss were weighed every day immediately 
before running. 


RESULTS 


Reinforced bar pressing.—The lower 
panel of Fig. 1 presents the weights of 
the two deprivation groups over the 
course of the experiment. Group H 
ranged from approximately 86% of 
the body weight of Group L at the 
beginning of the study to approxi- 
mately 80% at the end. The weight 
of Group L increased significantly 
across sessions. The upper panel of 
Fig. 1 presents the total number of 
BP in 52 min. for each of the depriva- 
tion groups over the course of the 
experiment. It is clear that Group H 
was superior to Group L under all 
circumstances. 

An analysis of variance of the num- 
ber of BP and of licks on Day 17 
shows that for bar pressing the main 
effects of Deprivation (F = 22.6, 
df = 1/10, P < .01) and of Minutes 
(F = 2.43, df 51/510, P < .01) 
were significant, while for licks the 
main effect of Minutes only (F = 1.46, 
df = 51/510, P < .05) was significant. 
For neither measure did the inter- 
action of Deprivation XxX Minutes 
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approach significance. The total 
numbers of BP per session were 439.7 
and 174.0 for Groups H and L, re- 
spectively, while the total numbers of 
licks were 2763 and 2400, respectively. 

In order to assess the locus of the 
rate differences and changes observed, 
the pattern of responding in each 
minute of the FI schedule, i.e., be- 


tween reinforcements, was examined. 
Figure 2 (top left) presents a sche- 
matic of 1 min. (between reinforce- 
ments) of a typical tape from the 
Esterline-Angus records: ¢; is the time 
from the reinforcement to the first 
lick, t2 is the duration of licking, ts is 
the time from the last lick to the first 
BP, ts the time from the first BP 
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Fic. 3. Cumulative number of bar presses 
and licks over the course of extinction as a 
function of deprivation and satiation. 


to the next reinforcement; f; is the 
number of licks, fs the number of BP. 
The average rate of licking (f1/t2) and 
of BP (f2/ts) as well as the burst rates 
were also determined. A burst was 
defined as a sustained sequence of 
licks or BP without pause, where a 
pause is an interval between responses 
twice that of any preceding interval 
(as determined by visual inspection). 
Because of the difficulty of identifying 
a BP burst, an additional measure, the 
reciprocal of the time between the last 
two responses before reinforcement 
(B-rate2), was calculated as a check. 
Figure 2 presents the values averaged 
over 5-min. blocks. Analyses of vari- 
ance on each of the measures were 
performed for deprivation and min- 
utes of the session. 

Summarizing these results, no sig- 
nificant effect of Deprivation on the 
average (H = 6.0/sec, L = 4.8/sec) or 
Momentary (H = 8.8/sec, L = 8.4 
sec) Rate of Licking was found ; how- 
ever, there was a suggestion that there 
might be a difference in average rate 
as a function of a greater number or 
duration of pauses between bursts of 
licks at a constant rate (F = 4.35, 
df = 1/10, P< .10). The initial 
latencies of the first licks were sig- 
nificantly longer at the beginning and 


tended to increase significantly to- 
ward the end of the session. The 
average duration (10.1 sec.) of licking 
was unaffected by the course of 
satiation. That some licking beyond 
that required occurred is indicated by 
the fact that the average volume per 
lick was .0056 ml. per lick and .0065 
ml. per lick for Groups H and L, 
respectively, where the typical value 
in the unrestricted access situation is 
usually of the order .0080 ml. per lick. 
The average rate declined significantly 
over a while the burst rate 
appeared to increase. 

The latency of the first BP following 
reinforcement (t;) was significantly 
shorter in Group H (15 vs. 26 sec.) 
and increased significantly over the 
session for both groups. The duration 
(ts) of BP was, therefore, necessarily 
significantly longer (35 vs. 23 sec.) in 
Group H and significantly decreased 
over the session for both groups. For 
neither measure did the Deprivation 
X Minutes interaction approach sig- 
nificance, suggesting that the rate of 
decline in responding was independent 
of the degree of deprivation. No 
evidence was found for a difference 
between within-cluster (burst) rates 
on either measure (B-rate;: H = .29 
sec, L = .27/sec; B-rates: H = .27 
sec, L = .24/sec). However, both the 
number (f2) and the average rate 
(fo/ts) were significantly greater for 
Group H (8.4 vs. 3.5 and .24/sec vs. 
.17/sec, respectively). The average 
rate did not decline over the session 
while the frequency of responding did. 
The difference between the average 


session 


rate of responding and the momentary 
rate reflects either the burst duration, 


interburst interval, or both. The 
decline in frequency across the session 
appears to be solely due to the 
decreasing time available for BP be- 
cause of the increasing latency of the 
first BP. 





CONSUMMATORY 


Extinction.—The cumulative form 
of the extinction curve is given in Fig. 
3. Both the total number of BP and 
total number of licks 


differed sig- 


nificantly as a function of deprivation. 


The rate of decline in bar pressing was 
significantly faster for Group L as 
was the interaction of 
deprivation. 


minutes and 
No analysis of the effect 
of time and its interaction with dep- 
rivation performed for licks 
since Group L stopped licking within 
the first few minutes. 


was 


Two things were clear in the ex- 
tinction data. First, the rate at which 
consummatory responding as_ well 
as bar pressing declined depended 
strongly on deprivation, stopping with 
a few licks of the empty magazine at 
low deprivations. Second, bar press- 
ing fell off at a much slower rate than 
licking, substantial amounts of bar 
pressing occurring after the licking 
response to the magazine had stopped. 


Disc USSION 


When the distribution of 
between reinforcements is examined it is 
clear that the rate of re 
sponding for both the consummatory and 
instrumental response is relatively in- 


responses 


momentary 


sensitive to either deprivation or the 
number of 
The average rate as a 
function of deprivation is the result of 


reinforcements consumed 


difference in 


the duration, or interval 
between bursts, or both, and the differ- 
ences in overall rate of BP as a function 
of deprivation result from both the 
latency of the first response following 
reinforcement and the differences in 
average rate. The decline in the overall 
rate of BP asa function of the number of 
reinforcements consumed appears to be 
solely a function of the latency of the 
first 


differences in 


reinforcement 
and the rate of decline is independent of 
the degree of deprivation. This distribu- 
tion of responses been 
previously for the 


response follow ing 


has reporte d 


consummatory re 
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sponse when deprivation and amount 
consumed are examined (e.g., Davis & 
Keehn, 1959; Stellar & Hill, 1952) and 
for the instrumental response on a fixed- 
ratio schedule (Sidman & Stebbins, 
1954). The relatively small difference 
between rates of licking, the 
fixed duration of licking, and the ap- 
parent lack of difference in the latency of 
the first lick probably result from the 
schedule used in which a fixed, small 
volume is presented which can be con- 
sumed in a single or a few brief bursts of 
licking. That is, the duration required 
is within the range of durations of bursts 
of licking. 


average 


The failure of the latency 
of the first lick to vary as a function of 
the amount consumed Stellar & 
Hill, 1952) is probably the result of the 
fact that the consummatory response in 


(see 


the Skinner box situation is under the 
control of a precise discriminative stim- 
ulus, namely the 
magazine. 


operation of the 


Ingestion ceases before nutrition has 
been accomplished. This fact suggests 
that satiation and deprivation are two 
distinct, independent processes (Collier 
& Myers, 1961). The results of the 
present study provide further evidence 
for this distinction. They suggest that 
varies as a function 
of the momentary postingestive load, 
evinces its major effect on the latency 
of the response measured, while depriva- 
tion affects both the latency and burst 
density. 


satiation, which 


The present data further sug- 
gest the possibility that the parameters 
of the consummatory response are in 
sensitive to such variables as deprivation 
and satiation, and thus it is the ancillary 
food approaching and food producing 
responses which determine the rate, pat 
tern, and amount of consumption. 


SUMMARY 


Twelve albino rats were divided into two 
deprivation groups, high and low, and were 
run in Skinner boxes for a .3-ml., 16% sucrose 
reinforcement. Analysis of the grain of the 
consummatory (licks) and instrumental (bar 
press) responses led to the conclusion that 
for the consummatory response neither the 
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latency, duration, average, nor momentary 
rate of responding varied significantly as a 
function of deprivation. Latency showed a 
slight tendency to decrease for high depriva- 
tion and increase for low deprivation, average 
rate to decrease, and momentary rate to 
increase across a session. For the BP re- 
sponse, on the other hand, the latency and 
therefore necessarily the duration of pressing 
were functions of both deprivation and 
satiation. The average rate proved to be 
related to deprivation only, while two meas- 
ures of the momentary rate appeared related 
to neither deprivation nor satiation. In 
extinction the rate of occurrence of licking 
showed a much more rapid decline than did 


rate of BP. 
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DEPTH PERCEPTION 
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IN ROTATING DOT 
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University of Michigan 


The changing shape of a visual pat- 
tern may elicit a three-dimensional 
perception, even when other cues to 
depth are so reduced that any station- 
ary view of the pattern appears two- 
dimensional. Stimuli for the study of 
this effect have generally been pro- 
duced by rotating an object or pattern 
between a light source and a trans- 
lucent screen, thus displaying shadows 
of the transformire pattern. This 
method was empxy,ed by Miles 
(1931), who used a two-bladed electric 
fan as a shadow caster, and by 


Metzger (1934), who used a number 
of cylinders to generate his displays. 


The effect was systematically in- 
vestigated by Wallach and O’Connell 
(1953), who termed it the ‘“‘kinetic 
depth effect,”’ and by Gibson and 
Gibson (1957). While earlier investi- 
regarded the depth effects 
created by such displays as illusions, 
recent experimenters have recognized 
that they involve a cue to depth not 
fully incorporated into the classical 
set of depth cues. Gibson (1950) has 
aptly termed this cue “ per- 
spective.” 

Green (1959a, 1959b) introduced a 
method which allows greater variety 


gators 


motion 


1This paper is based on a dissertation 
submitted to the Department of Psychology 
at the University of Michigan in partial 
fulfillment of the requirements for the PhD 
degree. The author gratefully acknowledges 
the generous assistance of B. F. Green, Jr. 
of the MIT Lincoln Laboratory in the 
preparation of the stimuli, and the valuable 
guidance of W. L. Hays in the planning and 
performance of this research. 

2 Now at Cornell Aeronautical Laboratory, 
Incorporated, Buffalo, N. Y. 


in the presentation of stimuli and 
greater control of the motion of parts 
of a display than the shadow projec- 
tion method. By means of instruc- 
tions to a high speed digital computer 
equipped with a CRT output recorder, 
a motion picture can be made of a 
two-dimensional projection of any 
mathematically specifiable transfor- 
mation of any figure. Green has 
studied the effects of numerosity, 
speed, and axis of rotation on subjec- 
tive judgments of the extent to which 
the parts of the display maintain the 
same relative position, i.e. coherence, 
for filmed sequences representing pro- 
jections of points or of line segments 
rotating in three-dimensional space. 

Definition of perspective-—The per- 
spective used in producing a two-di- 
mensional projection of a three-dimen- 
sional display may be conveniently 
defined as the ratio of the distance 
between the projection point and the 
most distant X—Y (frontal parallel) 
plane to the distance between the 
projection point and the closest X—Y 
plane, along the Z axis (line of sight). 
This is equivalent to the ratio of the 
projection of a distance on the closest 
X-—Y plane to the projection of the 
same distance on the most distant 
X-Y plane. Figure 1 illustrates these 
definitions of perspective for a four- 
point pattern confined to an imag- 
inary cube. 

If the projection point is at infinity 
and thus equally distant from all 
elements of the pattern, the perspec- 
tive ratio is 1, and the projection of 
the pattern does not change with its 
location in depth. This method of 


415 





MYRON L. BRAUNSTEIN 














on => 


PROJECTION 
POINT 


\ 
PROJECTION 
PLANE 








Fic. 1. Projection of points in a cube. 
(Perspective is defined as a/b, or equivalently, 


c/d.) 


projection is referred to as parallel 
projection. If the ratio is greater than 
1, the projection of the pattern varies 
with its location in depth, and the 
projection is referred to as polar. 

Motion perspective-—Motion per- 
spective is a complex cue to depth 
involving several better known 
aspects of perception. If a_ polar 
projection of a three-dimensional pat- 
tern rotating about an axis perpen- 
dicular to the line of sight is displayed, 
the rate of motion of the projection 
of a part of the pattern is an inverse 
function of its distance from the 
projection point. This is essentially 
motion parallax, in the classical sense. 
Also, in the case of a polar projection, 
the distance between the projection 
of two parts of a pattern is an inverse 
function of the distance of those parts 
of the pattern from the projection 
point. This cue is similar to linear 
perspective, except that it involves 
temporal as well as spatial variations 
in the display. 

With both polar and parallel projec- 
tions, changes in the relative distances 
between the projections of parts of the 
pattern correspond to changes in 
orientation of the pattern from a fixed 
projection point. In the case of 
parallel projections, this effect is not 
confounded with motion parallax and 
linear perspective. Although only 
very distant are i 


objects seen in 


parallel projection in direct vision, the 
present study compares polar and 
parallel projections in order to sepa- 
rate the more familiar depth cues from 
the novel aspects of motion per- 
spective. 

As the projection point is equivalent 
to the nodal point of the observer’s 
eye in retinal projections, variations 
in perspective are normally accom- 
panied by changes in the visual angle 
subtended by the pattern. In the 
present study the size of the projection 
was controlled by placing O’s eye at a 
fixed intermediate distance from the 
computed location of the three-dimen- 
sional pattern, and not at the com- 
puted projection points. Perspective 
is thus ‘‘inappropriate”’ to O's distance 
from the computed location of the 
pattern. It is exaggerated by closer 
projection points and reduced by more 
distant ones. 


METHOD 


Stimuli.—The stimuli were produced by 
Green’s (1959a) computer method. Specifi- 
cally, from two to six points in a cube having 
sides of two units, centered about the origin, 
were randomly selected. A projection of the 
points onto a specified plane perpendicular to 
the Z axis was computed, using a projection 
point having a Z coordinate of 2, 4, 16, or 512, 
and X and Y coordinates of 0. The projection 
plane was always equidistant from the 
projection point and the origin so that a 
distance d on the plane Z = 0 was projected 
into a distance d/2, regardless of the distance 
of the projection point from the origin 
Projections were computed at each 4.5° as 
the hypothetical cube was rotated 360° about 
the Y axis. There were thus 80 projections 
for each display. Each projection was plotted 
on the face of a CRT using an overlapping 
cluster of four spots to represent a point 
These clusters, hereafter referred to as spots, 
were roughly circular in shape and were 
approximately .01 unit in diameter. The 
plots were photographed on 16-mm. film and 
each sequence of 80 photographs became a 
stimulus display in the final film. 

Forty such displays were prepared, repre- 
senting 20 treatment combinations (5 levels 
of numerosity and 4 of perspective), each 
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produced twice, with different selections of 
random points. The stimulus films consisted 
of pairs of these displays. Each pair was 
composed of an 80-frame display, 28 frames 
of blank film of the same optical density as the 
background of the displays, a second 80-frame 
display, and 108 frames of blank film, again 
of the same density as the background of the 
displays. Presented at 16 frames per sec., 
this would mean a 5-sec. display, a 1.75-sec. 
pause, another 5-sec. display, and a 6.75-sec. 
pause, followed immediately by the first 
display in the next pair. 

A pparatus.—The films were projected by a 
Kodak Royal 16-mm. projector in which a 
500-w The lens had a focal 
length of 2.5 in. The displays were projected 
onto a translucent plastic screen, 174j in. from 
the front of the lens. One unit on the theo 
retical projection plane became 3.76 in. on the 
screen. The O viewed the displays from the 
opposite side of the screen. Background and 
spot luminances were approximately .009 and 
1.1 ft-L, respectively. The projector operated 
The E 
recorded O's 
which were transmitted to a tape 
recorder in E’s cubicle 


bulb was used. 


it a speed of 16.2 + .1 frames per sec. 


operated the projector and 


responses, 


The O viewed the displays monocularly 
through a reduction tunnel. This consisted 
in part of a cylinder 4{ in. in length and 24 in. 
in diameter, against which O placed his eye. 
Che cylinder was covered on the outside with 
black tape and lined with black paper on the 
nside It was inserted into a circular aper- 
ture 2} in diameter in a wooden disk 15 in. 
nd 14 in. thick. The length of 
the cylinder inserted into the aperture was 
2 in., leaving 44 in. protruding on the side on 
which O viewed the displays. Black cloth, 
formed roughly into a cylinder, covered the 
space between the disk and the aperture in the 
wall in front of O, which was also 15 in. in 
diameter. The distance from the front of the 
disk to the wall was 21 in. 


in di imeter a 


rhe O's eye was 
thus approximately 26 in. from the screen, or 
13.8 theoretical units from the origin of the 
display. The O could see neither the borders 
of the aperture in the wall as he looked into 
the reduction tunnel, nor the location of the 
screen as he entered the room. The Os were 
31 male students enrolled in the elementary 
psychology course; 20 served in Exp. I and 11 
in Exp. Il 
Procedure.—Each O was tested individually 
in a 2-hr. session. In Exp. I, O was told that 
he would see pairs of displays, either of which 


could be seen as occurring in space or on a 


flat surface in front of 
dicate, by 


him, and was to in- 


saying “‘first’’ or ‘“second,”’ which 


display in each pair gave the stronger im- 
pression of occurring in space. After a 
practice reel, O was shown four reels contain- 
ing the 190 pairs of the present experiment, 
as well as 34 additional pairs not included in 
this report. 

The procedure in Exp. II was identical to 
that used in Exp. I, except for a change in the 
critical portions of the instructions. For each 
pair of displays, O was asked to decide which 
display showed the greater coherence, with 
coherence defined as ‘‘the degree to which the 
parts of the display seem to maintain the 
same relative positions as the display moves.”’ 
No mention was made of the possibility of 
seeing the displays either as two-dimensional 
or three-dimensional 


RESULTS 


Each treatment combination was 
represented in 19 paired comparisons. 
For each of the 20 Os, the number of 
times a stimulus representing each 
treatment 
was 


combination chosen? 


calculated. The 


was 


method em- 


ployed to analyze these frequencies 
is a direct extension to three factors 
(numerosity, perspective, and Os) of 


the median test described by Mood 
(1950) for ‘“‘two factor experiments, 
one observation per cell’ (pp. 399 
402). 

In Exp. I significant effects 
(P < .05) were found for numerosity 
(x? = 125.96, df = 4), perspective 
(x? = 21.90, df = 3), and the inter- 
action of the two treatment dimen- 
sions (x? = 108.30, df = 19). The 
proportion of trials on which stimuli 
representing each of the treatment 
combinations were chosen by all Os 
is given in Table 1. A greater effect of 
perspective is indicated for the stimuli 
having smaller numbers of points. 
The relationship between the propor- 
*“Chosen” is used to mean “chosen as 
giving a stronger impression of occurring in 
space than the stimulus with which it was 
paired” when reference is made to Exp. I, 
and ‘“‘chosen as appearing more coherent than 
the stimulus with which it was paired” when 
reference is made to Exp. II 
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TABLE 1 


PROPORTION OF TRIALS ON WHICH STIMULI 
WERE CHOSEN AS GIVING A STRONGER 
DepTH IMPRESSION: Exp. I 


Number of Points 


Perspective |-— 


2 4 


1.00 . .329 |.445 

1.13 7 8 |.547 |.5¢ 

1.67 ; 37 |-621 

|.589 | 608 | 695 


3.00 


All levels 320 551 |.576 |.619 


tion of times stimuli representing each 
level of numerosity were chosen and 
the logarithm of the number of points 
for that level, is illustrated Fig. 2 
Figure 3 illustrates the corresponding 
relationship for levels of perspective. 

The frequencies of trials on which 
stimuli representing each treatment 
combination were chosen by each of 
the 11 Os in Exp. II were also sub- 
jected to a median analysis. Signifi- 
cant effects (P < .05) were found for 
numerosity (x? = 25.59, df = 4). per- 
spective (x? = df ), and 
their interaction (x? = 63. ae = 19). 
The proportion of trials on which 
stimuli representing each of the treat- 
ment combinations were chosen by all 
Os is given in Table 2. The relation- 
ships between numerosity and propor- 
tion of choice and between perspective 
and proportion are illus- 
trated in Fig. 3, re- 
spectively. 


of choice 


Fig. 2, and 


DEPTH JUDGMENTS — 


i 


COMERENCE JUDGMENTS 


PROPORTION OF TIMES CHOSEN 








T 
4 


NUMBER OF POINTS 
Fic. 2. Effect of numerosity on depth 
and coherence judgments. 
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TABLE 2 


PROPORTION OF TRIALS ON WHICH STIMULI 
WERE CHOSEN AS APPEARING 
More CouwerEntT: Exp. II 


Number of Points 
rspective 


.708 
.685 
541 


527 


\ll levels |.614 


Figures 2 and 3 also illustrate the 
opposite effects of the treatment di- 
mensions on the two dependent vari- 
ables, depth judgments and coherence 
judgments. As well as difference in 
direction of effect, the treatment di- 
mensions showed differences in rela- 
tive importance in their effects on 
the two types of judgments. The 20 
proportions in Table 1 are ordered 
primarily on the basis of numerosity 
and secondly on the basis of perspec- 
tive, while the proportions in Table 2 
are primarily ordered on perspective 
and secondly on numerosity. 


DISCUSSION 


The proportion of trials on which a 
stimulus was judged to give a stronger 
impression of occurring in space than the 
stimulus with which it was paired was 
found to be an approximately linear 
function of the logarithm of the number 
of points in the stimulus. 


|: 
“ 


This supports 


HOSEN 


os 


o3 
PARALLEL> }>— 
£ 


7 T T 
1.00 113 1.67 200 
LEVELS OF PERSPECTIVE 


oN OF TiME 


PROPORT 


a POL AR 





Fic. 3. Effect of perspective on depth 


and coherence judgments. 
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the hypothesis of a direct relationship 
between number of points and judged 
strength of the depth impression. Al- 
though the logarithmic relationship was 
not specifically predicted, it is the same 
as that obtained by Green (1959a) using 
larger numbers of spots and ratings of 


subjective coherence. 

Perspective significantly affected the 
choice of stimuli giving stronger depth 
impressions, although it appeared to be 


secondary to number of points in its 
effect on the ordering of the stimuli. 
This would indicate that the interrelated 
factors of motion parallax and linear 
perspective do affect the depth impres- 
sion created by these displays. 

The 


number of points may be important only 


question arises as to whether 


because increasing numbers of points 
provide additional opportunities to view 
the effects of perspective. This is contra- 
indicated by the findings that larger 
differences between levels of perspective 
occurred for smaller numbers of points 
and that the relationship between num- 
ber of points and proportion of choice 
holds even for parallel perspective. It 
would that perspective 
becomes more important as the cues to 
change in orientation of the pattern are 
reduced, i.e., with numbers of 
points. 


appear instead 


smaller 


Some insight into the role of subjective 
rigidity or coherence of the patterns 
in influencing perceived depth may be 
gained f the results of the 
experiment, which showed different ef- 
fects of the independent variables when 
coherence judgments were used as the 
dependent variable. Displays of two 
spots were judged most coherent. This 
would be expected, as two spots moving 
on a plane could always represent the 


irom second 


projections of two points at a constant 
three The 
between and 
coherence judgments for larger numbers 
of spots was not very pronounced. 

A much effect on 
judgments was produced by perspective. 
Stimuli produced: with closer viewing 
points were judged less coherent than 
those with more distant viewing points. 


distance in 
relationship 


dimensions. 
numerosity 


greater coherence 
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There was thus an inverse relationship 
between depth judgments and coherence 
judgments across levels of perspective. 
This would seem to result from a com- 
bination of factors. First, as all 
stimuli perceived as_ three- 
dimensional at all times, the changes in 
distances between the 
projections of the may have 
influenced average coherence judgments, 
and more variability in the two-dimen 
sional projections did occur with greater 
The other factor is the 
distortion resulting from the magnifica 
tion and demagnification of the projec 
tions used to maintain a uniform 
age”’ 
the stimuli with maximum perspective 
which differed furthest from appropriate 
perspective, and the difference between 
depth and coherence judgments is great 


two 
were not 


two-dimensional 
points 


perspective. 


“avert 


size. This would especially affect 


est in this case. 

The use of perspective has been an area 
J. J. Gibsor 
and H. Wallach, the two major experi 
menters in this 1957 
uses what he properly regards as appro 
priate perspective in his displays. A 
translucent screen is placed equidistant 
between O and a point light source and 
shadows of objects rotating between the 
light and 
This is equivalent to displaying projec 


of disagreement between 


area Gibson 


source screen are observed 
tions computed with the projection point 
at the position at which O will plac« 
his eye when he observes the stimuli. 
Wallach (1953), on the other hand, 
uses a distant projection point which is 
further from the than O's eye 
The resulting situation is similar to the 
use of parallel perspective in the present 
research. 
Gibson’s 


screen 


more like the 
real-life perceptual situation and present 
results would indicate that it should in 
general lead to a stronger impression of 
depth than does Wallach’s method. The 
“kinetic depth effect,’ as formulated by 
Wallach, does however require parallel 
projections of the three-dimensional dis 
plays for its isolated study. 

The choice of perspective should then 


situation is 


be made according to the purpose of 


the experimenter in these respects. The 
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present results indicate that the im- 
portance of variations in perspective will 
depend upon the type of judgments used. 
When the effects of variation in per- 
spective are of interest, at least for 
displays involving small numbers of 
elements, depth judgments and rigidity 
judgments cannot be assumed equiv- 
alent. 


SUMMARY 


Motion picture sequences of spots repre- 
senting projections of points rotating in three 
dimensions were produced using the CRT out- 
put of a digital computer. The sequences 
varied in number of points and in perspective. 
Perspective is defined as the ratio of the 
distance from the projection point to the most 
distant plane of the display to the distance 
from the projection point to the closest plane 
of the display. A paired comparison method 
was used to elicit judgments of the relative 
strength of the depth impressions created by 
the sequences and of the relative coherence 
of the patterns while in motion. 

Judged strength of the depth impression 
increased with increasing numbers of spots 
and, to a degree, with increasing 
perspective. Subjective coherence decreased 
with increasing perspective. The role of 


lesser 


perceived coherence of moving patterns in 
depth perception and the effects of variations 


BRAUNSTEIN 


in perspective on 
discussed. 


depth judgments are 
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SUPPLEMENTARY REPORT: PROACTIVE INHIBITION AS A FUNCTION 
OF THE METHOD OF REPRODUCTION ! 


JOHN L. WIPF 


U niversity 


and Underwood (1950) found 
that paired-associate recall, after 5 hr., was 
inversely related to the number of lists previ- 
Thus, proactive inhibition 
Their learning materials were two- 


Greenberg 


ously learned. 
occurred. 
syllable adjectives arranged in four paired- 
associate lists of 10 pairs each. The anticipa- 
tion method was used to test recall. 

Method. 
tion of the Greenberg and Underwood study 
in that it employed a 5-hr. retention interval, 

c. presentation rate on a memory drum, 
the same learning-relearning criteria (8/10 
correct and 10/10 correct, respectively), and 
four lists over 4 days. 


The present study is a replica- 


However, in the pres- 
ent study, the method of presentation was 
modified to permit the use of free recall or 
The 
10 Greenberg-Underwood response words in a 
list time. After each 
trial (one presentation of the 10 words), Ss 
were required to reproduce in writing the 
words they could remember. A 3-min. limit 
was set on this recall. Successive trials, using 


reproduction as a retention measure. 


were shown one at a 


four different serial arrangements, were given 
until learning criterion was met. 

The method of reproduction was similarly 
employed in testing recall, i.e., after 5 hr. Ss 
reproduced, in writing, as many words as 
they could recall. Recall was immediately 
followed by relearning. A different list was 
used on each of 4 successive days. Twenty- 
four different orders of the four lists were 
[wenty-four Ss (11 men and 13 women 
introductory psychology students) each learned 
the lists in a different order. 


used 


Results —Separate analyses of three de- 
pendent measures, number of trials to learn, 
number of words correctly recalled, and num- 
ber of trials to relearn, were performed. The 
means and SDs of these measures are given 
in Table 1 
the differences among the mean number of 
words correctly recalled over days to be 
(P < .001). Thus, significant 
PI at recall occurred from day to day, after 
the first 


An analysis of variance showed 


significant 


day. Recall differences among Ss 


Florida, in partial fulfills 
yr the 


quirements tf Arts degree 


AND WILSE 


B. WEBB 
if Florida 


rABLE 1 


MEANS AND SDs oF 
RECALLED, AND 


TRIALS TO LEARN, We 
TRIALS TO RELEARN 


Trials to Words 
Learn 


Trials to 


were significant ‘call differences 
lists were not significant 

The the me 
showed differences due to days to be signin 
cant (P < .05). These differences 
to result from facilitation effect Table 1 
means, Days 2 to 4). List differences were 
significant (P < .01 Thus, word lists dif- 
fered in difficulty in terms of trials-to-learn 
Subject differences were again significant. 

List difficulty in terms of trials-to-learn 
hould have had no differential effect because 
all possible sequences of the four lists were 
used; hence list differences were 
balanced throughout the study. 

The analysis of the relearning measures 
showed Day and List differences not to be 
significant. Subject differences 
nificant. 

Allowing ample time for response and 
written reproduction, the use of unpaired 
presentations increased the number of words 
recalled and decreased the number of trials 
required to learn and relearn (compare Table 
1 with the Greenberg-Underwood results 
However, a PI effect was demonstrated. <A 
minimal conclusion which may be drawn from 
these data is that the PI effect demonstrated 
by Greenberg and Underwood is not a fun 
tion of the particular learning-recall procedurs 
utilized 


among 


analysis of learning usures 


appt art 


(see 


counter- 


sig- 


were g 
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SUPPLEMENTARY REPORT: EFFECT UPON SENSORY PRECONDI- 
TIONING OF BACKWARD, FORWARD, AND TRACE 
PRECONDITIONING TRAINING! 


JAMES D. WYNNE anpd W. J. BROGDEN 


University 


Hoffeld, Thompson, and Brogden (1958) 
‘report variation in magnitude of sensory 
preconditioning (SP) in cats as a function of 
stimuli time relations during preconditioning. 
The 200 preconditioning training trials in- 
volved a 2-sec. light paired with a 1000-cycle 
tone either of 2, 2.5, 3, 4, or 6 sec. duration. 
Since tone and light terminated together, 
the independent variable of tone precedence 
is represented by values of 0, .5, 1, 2, and 4 
sec. Significant linear and quadratic trend 
was found for magnitude of SP with the 
maximum at 4 precedence. There is, 
however, a confounding of precedence and 
duration, and the longer durations of tone 
represent conditions for delayed conditioning. 
If a fixed duration of tone is used, there is no 
confounding of duration with precedence, but 
the large values of precedence then represent 
the conditions of trace conditioning. 

Method.—The present experiment is a 
replication of the experiment reported by 
Hoffeld et al. (1958) except for the following 
differences: (a) duration of the tone 
always held constant at 2 sec.: (6) the range 
of precedence of increased and 
included negative values (backward condi- 
tioning) because Silver and Meyer (1954) 
report equal magnitudes of SP for simultane- 


Sec. 


was 


tone was 





T T T tT tT 


y* 4.27+0.78x-0.25 x2 


MEAN FREQUENCY OF 


i 








Ox 
2 -I ° ' 2 a 8 16 
PRECEDENCE IN SECONDS OF TONE OVER 
LIGHT DURING PRECONDITIONING TRAINING 


Fic. 1. Relation between magnitude of sensory pre- 
conditioning and precedence of tone over light during 
preconditioning. (The data represented by the open 
circles is taken from’ Hoffeld et al., 1958. The filled 
circles represent the dataYof the present experiment. 
The smooth curve is the best fitting quadratic function 
for the data of the present experiment, the equation 
for which is given in the upper left corner of the figure.) 
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ous and a backward preconditioning time 
relation; (c) the number of preconditioning 
training trials was reduced from 200 to 4 
because Hoffeld, Kendall, Thompson, and 
Brogden (1960) found maximum SP for the 
latter value; (d) N for each group was 8; 
(e) one session of adaptation to the rotator 
was introduced; and (f) following the test 
for SP all Ss were given tone-shock avoidance 
training in the attempt to obtain an addi- 
tional measure of SP. Since this procedure 
produced no significant results, no report of 
them is made. 

Results.—Magnitude of SP is measured 
by frequency of response in the cross-modal 
generalization tests of tone alone, given 
following avoidance conditioning to the light 
CS. An orthogonal polynomial analysis of 
variance (Grant, 1956) of the data for the 
experimental groups shows significant differ- 
ences between groups and a significant quad 
ratic trend (P = .05). The experimental 
group means are plotted in Fig. 1 as is also 
the curve of the best-fitting quadratic equa 
tion. Range tests (Duncan, 1951) indicate 
that the mean for 4 sec. precedence is signi- 
ficantly different from all other means, none 
of which differ significantly from each other 
The means for precedence conditions —4, 
—2, and 16 sec. are either approximately 
equal to or less than the mean for the control 
group (.9), so it is improbable that any SP 
occurs for these conditions. 

Ihe control group of the present study 
shows cross-modal generalization 
than similar groups have shown in earlier 
studies (Brogden, 1939; Hoffeld et al., 1958) 
If the control Ss of Hoffeld et al. (1958) are 
added to the present control group, N is 12 
and the mean is .58. The upper fiducial limit 
for cross-modal generalization provided by 
the ¢ test is .83 at the 5% level. This limit 
clearly excludes evidence of SP at precedence 
levels of —4 and —2 (backward condi- 
tioning) and long trace conditioning at 16 se 


greater 


sec. 


precedence. If the combined control group 


data are used in one-tailed ¢ tests with that of 


the remaining experimental groups, the means 


for precedence conditions 0, 1, 2, and 4 sec. 
exceed the control group mean at the 5% level, 


and for precedence conditions —1 and 8 sec. 
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exceed the control mean at the 20% and 10% 
levels, respectively. 

Discussion.—The present results are in 
good agreement with those of Hoffeld et al. 
(1958) which are plotted in Fig. 1. In com- 
paring the two studies it is evident that the 
confounding of duration of tone with its 
precedence ove light during preconditioning 
training has little if any effect upon the 
magnitude of SP. Saying it another way, 
delay and trace conditioning procedures 
during preconditioning make little if any 
difference as long as the time relations be- 
tween the onset of the CS (tone) and onset 
of the UCS (light) are the same. 

A difference in magnitude of SP, favoring 
the present experiment, was expected on the 
basis of parametric differences in the number 
of preconditioning trials, since Hoffeld et al. 
1960) found this variable to have a marked 
effect upon the magnitude of SP. They 
obtained a mean frequency of response to 
trials of tone alone of 24.17 for 4 precondi- 
tioning trials (value used in the present study) 
and a mean of 10.50 responses for 200 trials 
value used by Hoffeld et al., 1958). The 
time relations during preconditioning of the 
Hoffeld et al. (1960) experiment were those 
found optimal by Hoffeld et al. (1958) and 
involved a 6-sec. tone and 2-sec. light with 
4 sec. of the minor 
differences in amount of SP for comparable 
time relations between the present study and 
that of Hoffeld et al. (1958), the possibility 
of interactions between trace and delayed 
time relations with number of preconditioning 
trials must be considered. The possibility 
also exists that an unknown variable or 
parameter present in the Hoffeld et al. (1960) 
study accounts for the high level of SP. 


precedence. In view 
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Although a significant quadratic trend in 
magnitude of SP as a function of time rela- 
tions was found in the present experiment, 
the best-fitting quadratic equation does not 
give a satisfactory description of the rela- 
tionship in the data. Other analyses estab- 
lish a maximum effect at tone precedence of 
4 sec., with no effect for the backward condi- 
tions of —4 and —2 sec. precedence or for 
the long trace condition of 16 sec. precedence. 
Whether SP occurs at the backward condition 
of —1 sec. precedence and the trace condition 
of 8 sec. precedence is dubious. These two 
conditions represent the extremes between 
which fall the time relations during precondi- 
tioning that are effective in producing SP. 
A quadratic function with a maximum around 
4 sec. precedence and zero at the backward 
condition of approximately pre- 
cedence and the forward condition of approxi- 
mately 8 sec. precedence may be reasonable, 
but is not clearly supported by the data 
of the experiment. 


— l-sec. 
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SUPPLEMENTARY REPORT: SEMANTIC GENERALIZATION IN 
PROBABILITY LEARNING 


j. P. 


DAS 


Utkal University, Cuttack, India 


Chis experiment is planned to find out 
whether the introduction of semantic stimuli 
the course of generalization in 
probability learning. The present study is 
similar in design and procedure to one by 
Popper and Atkinson (1958). Both are based 
on predictions from a discrimination model 
and its application given in Estes and Burke 
(1955). Every trial begins with the presen- 
tation of a T, or a T: stimulus, the probability 


changes 


of each being .50. Following a T, stimulus, 
the letter X occurs with a probability of .90 
and Y with a probability of .10. But follow- 
ing a Tz stimulus, X occurs with a probability 
of .70 for one group and .30 for another 
group; the corresponding probability of Y 
being .30 and .70, respectively. These prob- 
ability schedules are identical with those of 
Groups II and IV of a related experiment 
by Atkinson, Bogartz, and Turner (1959). 
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TABLE 1 
MEANS AND SDs OF X PREDICTIONS OVER 20 TRIALS FOLLOWING T: AND T2 





Trial Blocks 








Groups 


13.86 


R90 | 


—tfor RinIand III = 1.04,df = 26;for Rin Il ar 
< .02; for D and N in Il and IV = 1.71; df = 


However, there is a major difference between 
the Popper and Atkinson experiment and the 
present one. Synonyms and antonyms have 
been used here in place of nonsense syllables 
as T, and T: stimuli. 

Method.—The T; stimulus was an Indian 
word, RAJANI, meaning night. The two T, 
stimulus words, NIGHT and DAY, were synon- 
ymous and antonymous to RAJANI. When 
stimulus words were visually presented, they 
were written in the common script of Ss, 
Oriya. There were four experimental groups: 
I, R90 D70 (N=15); II, R90-D30 (N=21); 
III, RIO N70 (N=13); and IV, R90-N30 
(NV = 13). R90-D70 stands for the group 
in which T; was RAJAN! and probability of X 
after T, was .90, whereas Ts was DAY and 
the probability of X after T; was .70. The 
other terms are similarly defined. 

Each group of Ss received 160 trials in all, 
divided into four 40-trial ,blocks. Within 
each block, the 20 T; and 20 T-: trials were 
randomly distributed, and in the T; and T;, 
blocks, the given proportions of X and Y 
were maintained. For example in Group I, 
out of the 20 T; cards, the combination 
RAJANI-X was found in 18 cards whereas the 
remaining 2 cards had raJANI-Y. Similarly 
the 20 T. cards had 14 cards of pay-X and 6 
of pay-Y. 

The Ss, college students, had four strips 
of paper for the four blocks of trials. On each 
strip they found two columns, marked with 
T, and Ty2 stimuli at the top. Their task 
was to guess whether X or Y would come and 
record it under the 
immediately after E read out the T, or T. 
stimulus. Then E exposed the card, and at 
the same time read out whatever was written 
following the T, or T, stimulus. 


appropriate columns 


Each trial 


Mean 


15.85 


16.46 


nd IV = 1.33, df 32 
32 
took about 10 sec.: 3 sec. to read out the 
stimulus word, 4 sec. allowed to Ss for putting 
down their guesses, and 3 sec. to expose the 
card to Ss and begin the next trial. The Ss 
covered their previous choices by folding 
the recorded portion of the paper after each 
trial. 

Results—A summary of the findings is 
given in Table 1. The Ss’ predictions were 
expected to vary on two accounts—semantic 
relation between T; and Ts, and similarity 
between the probabilities of X after T, and 
T2. Groups I and III, and Groups II and IV 
therefore, may be meaningfully compared 
The final proportion of R choices in Group | 
should be higher than the same in Group II] 
because there will be a greater generalization 
between the synonyms R and N than between 
the antonyms R and D. Similarly, the mean 
prediction of R in the final trial block for 
Group IV will be less than that for Group II, 
whereas the reverse would be true for N and 
D. The series of t’s computed shows that 
although the mean differences are in the 
expected direction, only the difference be- 
tween N70 and D70 reached at least the .05 
level of significance. This result may be 
interpreted as offering limited support to 
the hypothesis that semantic stimuli influence 
probability generalization. 
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A Word to the Student 


You can save money. by beginning your per- 
sonal file now. Current subscriptions for a 
given year, beginning with the January issue, 
are available to students at a special rate of 
$6.50. This is a saving of $5.50 per volume. 
By acting early, you can obtain both Volume 
5 (1962) and Volume 6 (1963) at this rate. 
If bought later, as back volumes, they will 
cost $12.00 each. 
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Two Fascinating New Books for Psychologists 


% PERCEPTION AND MOTION 
By Karl U. Smith, Ph.D., University of Wisconsin and William M. Smith, Ph.D., 


Dartmouth College. 


About 432 pages, about 193 illustrations—Just Ready! 


New answers to question _of how patterned motion is regulated 





Here is a most unusual survey of tre 
problems of behavior organization in 
man—considered in terms «° sensory 
feedback mechanisms, both  -uxl and 
auditory. The authors have deve! oped a 
new theory toward explaining certain 
aspects of behavior, perception and 
motor learning. Their neurogeometric 
theory revolves around the concept that 
the brain is a differential detector re- 
sponding to differences in stimulation 
and sensory feedback—that the differ- 
ential action within the nervous system 
is based on varying input to the neuron 
from several sources of stimulation 
rather than being based on the deci- 
sion-making powers of the synapse. 
Other elements of the theory hinge on 
perception and motion being considered 
as a single mechanism rather than as 
two separate forms of adaptation; and 
on motion itself being divided into 
postural, transport and manipulative 
components—each regulated by par- 
Gods stimulation patterns. 


Research techniques used tc develop 
and support the authors’ contentions 
largely involve electronic methods of 
motion analysis and use of closed cir- 
cuit television and videotape recordings. 


Findings and conclusions cast doubt 
upon many widely accepted concepts 
shout the reflex, the synapse, and the 
nature of the learning process (particu- 
larly on the validity of the reinforce- 
ment theory). To supply background 
information for viewing their work in 
proper perspective, the authors briefly 
review historical development of the 
science of motion. 


Contents embrace the following discus- 
sions: Concepts of Perceptual-Motor 
Organization—The Science of Motion— 
Motion, Work and Machines—Early 
Experiments of the Spatial Problems of 
Reached -tipeanh Studies of Displaced 
Vision—Critical Summary of Displaced 
Vision Studies—Experimental Founda- 
tions of Neurogeometric Theory—Use 
of Television in Behavior Research— 
Televised Inversion and Reversal of 
Visual Feedback—Televised Angular 
Displacement of Visual Feedback— 
Size-Distorted Visual Feedback—Dis- 
_ Vision and Theory of Tool 
sing—Delayed Sensory Feedback—In- 
fant Control of the Behavioral Environ- 
ment—Effects of Displaced and Delayed 
Feedback—Neurogeometry of Motion. 


%* DELAYED SENSORY FEEDBACK AND BEHAVIOR 
By Karl L. Smith, Ph.D. About 128 pages, illustrated—Just Ready! 
A new type of temporal analysis of behavior 





This book is an elaboration of a portion 
of the book described above. It investi- 
gates the strange effects produced by an 
artificially induced time lag between 
performance of motion and perception 
of that motion. This investigation bears 
directly upon present day theories of 
learning and behavior; and gives new 
insight into human operation of com- 
plex machine systems. In this study, 
through use of a closed television cir- 
cuit, the performer’s actions are fed 
back to him pictorially—but have been 
displaced spatially by manipulating the 
electronic circuits, the camera lenses, 
or the camera itself; or the image has 


been delayed by means of videotape 
recordings. 

Contents are divided into six broad sec- 
tions: Significance of Delayed Sensory 
in Behavior Research—Delayed Visual 
Feedback in Tracking Performance— 
Delayed Auditory Feedback—Blind Per- 
formance with Delayed Pictorial Feed- 
back—Concurrent Delayed Visual Feed- 
back Implications of Experiment. 
Under these, are discussed such un- 
usual topics as delayed graphic feed- 
back of handwriting, artificial stutter, 
delayed guidance feedback from remote 
cosmic systems: theoretical considera- 
tions. 


Teachers and students of psychology and education; wpe pd pees ape! certain researchers 


in lelevision techniques; tune and motion engineers will all fi 


valuable and thought-provoking 


information in these two new books. 





W. B. SAUNDERS COMPANY, West Washington Square, Philadelphia 5, Pa. 


JLEP 


Please send me the following books and bill me: 
C1) Smith and Smith—Perception and Motion, about $9.00. 
) Smith—Delayed Sensory Feedback and Behavior, about $6.00. 




















